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ABSTRACT 
The Upper Cretaceous Niobrara Formation in eastern North Dakota 
consists of calcareous shales, chalks, and shaly chalks. The formation 
was studied from surface exposures, cores, and well logs. The Niobrara 
is 62 feet (19m) to 272 feet (83 m) and is thickest to the northeast, in 
a central linear area, and to the southwest. In a northern area, it was 
divided into a lower, calcareous shale member, and an upper, chalky 
member. In a.southern area, five stratigraphic units were recognized, 
in ascending order: a lower shaly chalk, a shale, a middle shaly chalk, 
a chalk, and an upper shaly chalk. The formation is bounded by 
unconformities that exhibit considerable relief. In a central area, 
thick Niobrara was deposited in a northwest-trending channel eroded into 
the underlying Carlile Shale. Numerous diastems were recognized within 
the formation on the basis of detailed comparisons of logs of closely 
spaced wells. Within the formation, intervals of non-bioturbated strata 
with "white specks" and bioturbated strata were recognized. 
Thirty-nine species of calcareous nannoplankton were identified, 
and four stratigraphically delineated nannoplankton assemblages were 
recognized. Occurrences of species were related to paleobiogeography, 
the age of the strata, and early diagenesis. Macrofossils include 
Lingula, ammonites, and four bivalve taxa, including the abundant 
oyster, Pseudoperna congesta, and fragments and prisms of inoceramids. 
Trace fossils include non-pyritized burrows (Chondrites) and pyritized 
xii 
burrows (Planolites montanus, ?Trichichnus, and pellet-filled burrows). 
Pyritization of burrows is explained as the result of post-depositional, 
in-sediment, reducing conditions. 
The Niobrara in northeastern North Dakota is Santonian, based on 
the occurrence of Clioscaphites cf. C. saxitonianus septentrionalis at 
the base, and a Late santonian nannoflora, including Arkhangelskiella 
specillata, at the top of the formation. 
Eastern North Dakota was the last area of inundation by the Western 
Interior sea during a Coniacian-santonian transgression. The bounding 
unconformities and resultant topography were the result of exposure 
during low-stands of sea level. The Niobrara was deposited in shallow 
to deep sublittoral depths. Shifts from anaerobic to aerobic bottom-
water conditions, and vice versa, were the result of changes in water 
level that, in turn, controlled the position of the pycnocline (aerobic-
anaerobic boundary) in a stratified water body. 
xiii 
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CHAPTER I: INTRODUCTION 
Objectives 
The ultimate objective of this study is an explanation of the 
pattern of deposition of the Upper Cretaceous Niobrara Formation in 
eastern North Dakota. Such an explanation involves interrelating the 
lithology, biota, and stratigraphy of the Niobrara and placing these 
into the regional and global setting. 
This study was undertaken for a number of reasons. Although a 
number of regional studies of the Niobrara have included North Dakota 
(Rice, 1977;-shurr and Sieverding, 1980; Shurr, 1984}, no detailed 
stratigraphic study of the Niobrara in North Dakota presently exists. 
The availability of a unique set of cores in eastern North Dakota 
permitted detailed study of the lithology and the fossils of the 
Niobrara, especially the calcareous nannoplankton which have previously 
been only cursorily examined. Only in the past ten to fifteen years has 
attention been paid to the Cretaceous deposits on the eastern side of 
the Western Interior basin. A study of the Niobrara in North Dakota 
fills a conspicuous gap in these eastern studies and enables a 
connection to be made between studies to the north in Manitoba 
{Bannatyne, 1970; McNeil and Caldwell, 1981) and to the south in South 
Dakota _(Shurr, 1971, 1978; Witzke, et al., 1983). 
2 
The area in which the Niobrara was studied covers the eastern half 
of North Dakota, east of approximately the 100 degree 30 minute 
meridian. The data used herein came from outcrop sections, cored 
sections, and well logs. The paleontologic data were derived from 
outcrop and core. This study describes the main stratigraphic units 
within the formation based on outcrop and core sections and it also 
describes these and additional subdivisions of the Niobrara recognized 
in the subsurface of eastern North Dakota. The macroinvertebrates, 
trace fossils, and calcareous nannofossils were identified and 
biostratigraphic and paleoecologic interpretations of their distribution 
are given. 
These stratigraphic and paleontologic data and their first-order 
interpretations were assessed on the basis of various models of 
deposition. ·As a result, a history that takes into account the local, 
regional, and global factors controlling deposition is given. 
Geologic Setting 
The Niobrara Formation was deposited during the middle Late 
Cretaceous (Coniacian, Santonian, and early Campanian Ages) in the 
Western Interior basin of North America, a broad, relatively shallow 
basin that extended from the Gulf of Mexico to the Arctic Ocean. The 
Niobrara is an exceptionally widespread stratigraphic unit that can be 
traced over most of the eastern and central parts of the Western 
Interior (Fig. 1). It represents deposition during a major 
transgression and regression of the Cretaceous sea. This depositional 
sequence in the Western Interior has been referred to as the "Niobrara 
marine cyclothem" by Kauffman (1983). 
3 
Figure 1. Distribution of the Niobrara ForJ11ation and lateral 
equivalents in the Western Interior. Area considered in this 
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Kauffman (1977a, p. 84) divided the Western Interior Cretaceous 
basin into four divisions corresponding to "marine water depths, 
sedimentation and subsidence rates, and tectonic stability" (Table 1); 
from west to east these are: 1) a western zone, 2) a west-central zone, 
3) a broad "hinge" zone, and 4) a broad, stable, eastern platform. Also 
an important factor in this scheme is the distance of each north-south 
division from the main source of elastics on the west. 
The present study deals with the Niobrara of division 4, the stable 
platform, characterized by Kauffman ( 1977a, p. 84) as having "little 
subsidence, widespread eastward expanding disconformities of major 
proportions, slow sedimentation rates mainly involving fine elastics and 
carbonates {reflecting lack of major eastern source area during the 
Cretaceous}." 
Lithologically the Niobrara ranges from nearly pure limestone, 
through chalk with varying amounts of clay, to only slightly calcareous 
shale. Toward the western side of the basin the Niobrara grades into 
time-equivalent units dominated by coarser elastics derived from the 
west (Williams and Burk, 1961; McGookey, 1972). 
The most abundant organic constituent of the Niobrara Formation is 
calcareous nannoplankton with planktic foraminifers also a major 
component. These pelagic components are diluted to varying degrees by 
clay, silt and, rarely, fine sand. Where little affected by 
bioturbation, the Niobrara exhibits abundant "white specks" that are 
attributed (Hattin, 1975b} to nannofossil-filled, fecal pellets of 
zooplankton. The driller's term for the formation, "First White 
Specks," refers to this characteristic. Where bioturbated the white 
,'!g 
Table 1. West to east divisions of the Western Interior Cretaceous basin 
(derived from Kauffman, 1977a, p. 84), 
western zone west-central zone "hinge" zone 
Depth shallow (less deep, quiet mid- to outer 
than 50 m) (200-300 m) shelf depths 
(100-200 m) 
Subsidence- maximum high moderate to 
low 
Sediments-




(less than 100 m) 
relatively little 
slow 
Rack type coarse fine elastics fine elastics and carbonates 
Stratigraphic 
features 









specks are rare or absent and the formation appears homogeneous, 
mottled, or burrowed. The kiobrara bears a diverse fossil biota that 
includes organisms of pelagic and, when bottom conditions permitted, 
benthic origin. 
In summary, the Niobrara in eastern North Dakota can be considered 
a stratigraphic sequence with oceanic characteristics, deposited in an 
epeiric sea during a period of maximUJD transgression. In the eastern 
portion of the Western Interior basin, distant from dilution by coarser 
elastics from the west, the Niobrara shares lithologic and biologic 
characteristics with Cretaceous deposits of ocean basins while 
reflecting the characteristics of deposition in a shallow epeiric sea. 
Previous Work 
Stratigraphy 
Naming of the Niobrara Formation 
Early recognition of the Niobrara, its distribution, lithology, and 
paleontology, was made in Nebraska and Kansas. Based on these early 
studies, more or less successful attempts were made to tie time- and 
lithologically-equivalent strata farther north in North Dakota and 
Manitoba to the type area. The contrasts between the Kansas and 
Manitoba sections, however, led to a distinct stratigraphic nomenclature 
by Canadian workers; and, until recently, these nomenclatural 
differences remained. History of stratigraphic nomenclature relevant to 
this study is presented in Figure 2. 
, 
8 
Figure 2. Historical summary of stratigraphic nomenclature applied 
to the Niobrara Formation and stratigraphically adjacent 
units. 
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In southern Manitoba and northeastern North Dakota stratigraphic 
subdivisions within the Niobrara were recognized even in early studies, 
although little attention was paid to the significance of these 
variations. Also, the nature of the lower and upper contacts of the 
Niobrara has been interpreted variously in previous studies. 
Hall and Meek (1856, p. 405) first recognized a unit, now called 
the Niobrara Formation, referring to it as "Division No. 3" of a 
"Section of the Members of the Cretaceous Formation as observed on the 
Missouri River." It was succinctly described as a "Calcareous marl, 
containing Ostrea congesta, scales of fish, etc. 100 to 150 feet." 
Meek and Hayden (1861, p. 422) formally named this interval the 
"Niobrara Division" after "typical localities of this rock along the 
Missouri, near the mouth of the Niobrara River, where,it forms 
perpendicular cliffs from ninety to one-hundred feet in height". The 
formation was described (p. 422) as consisting "mainly of lead gray 
richly calcareous marl, which, where long exposed, assumes a light buff 
or whitish color, , •• Below, it passes into more compact beds of 
soft bluish gray limestone." They suggested that the formation could be 
traced to northeastern Kansas and on into Arkansas, Texas, and New 
Mexico, as well as into the Texas Gulf Coast. 
Meek and Hayden's (1861) five-fold division of the Cretaceous in 
the central plains of the United States served as the pattern to which 
' 
all subsequent sections were compared for nearly 100 years. Although 
there have been many revisions and refinements, the distinctive unit 
referred to as the Niobrara has held up, little altered from the 
original concept of Hall and Meek. 
! 
11 
Although the Niobrara was named from excellent local exposures in 
nor heastern Nebraska along the Missouri and Niobrara Rivers, areas 
adj cent to the type area are covered· by glacial deposits. It is 
far her south, in Kansas and Colorado, and farther north, in southern 
Man toba, that further refinements of Niobrara stratigraphy were 
und rtaken. 
Hattin (1982) has reviewed the history of stratigraphic 
nom nclature for the Kansas area. In Kansas the Niobrara Formation has 
bee divided into two members: a lower, Fort Hays Limestone Member, 
nam d by Mudge (1876), and an upper, much thicker, Smoky Hill Chalk 
Hem er, named by Cragin (1896). These units were formally accepted by 
the Kansas Geological Survey (fide Moore and Haynes, 1917). 
Sub equently, this terminology has been applied in Colorado (Scott and 
Cob n, 1964) and Nebraska (Simpson, 1960; Hattin, 1975a). 
McNeil and Galdwell (1981) have reviewed the history of 
str tigraphic nomenclature along the Manitoba escarpment in southern and 
wes -central Manitoba and easternmost Saskatchewan. The extension of the 
Man toba escarpment into northeastern North Dakota, where it is referred 
to s the Pembina escarpment, shares the stratigraphic characteristics 
of he southernmost Manitoba escarpment. McNeil and Galdwell (p. 19-29) 
div ded previous stratigraphic studies into three stages: 1850-1880 
(ea liest recognition of the Cretaceous in Manitoba), 1880-1930 
(re inement of interpretation, still using U.S. terminology), and 
193 -present (the adoption of a distinct, Canadian terminology). Only a 
s ary of their historical review is given here. 
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In Manitoba, Dawson (1875) recognized the presence of rocks 
equ valent to the Niobrara of Meek and Hayden (1861) on the basis of 
lit ology and faunal (foraminiferal} evidence. He referred to the 
Nio rara as the "limestone of the Boyne River" and to the overlying dark 
sha es, which he considered equivalent to the "Fort Pierre." He 
ref rred to this sequence as the "Pembina Mountain Series." Tyrrell 
(18 0) applied Meek and Hayden's (1861) subdivisions to the rocks along 
the Manitoba escarpment but apparently included in his "Niobrara Group" 
lo r units that properly belonged to Meek and Hayden's "Ft. Benton 
Gr p." MacLean (1915, 1916) also made this mistake as he divided the 
st tigraphic section into ten units. His subdivision of what is now 
re gnized as Niobrara is considered more fully below. 
In northeastern North Dakota, the exposed Cretaceous sequence was 
de cribed by Berkey (1905) and Barry and Melsted (1908} in early 
st dies. Both studies used Meek and Hayden's (1861) terminology --
di iding the sequence into Benton, Niobrara and Pierre. Berkey 
de cribed five units, A through E, but could not decide where to assign 
hi units C and D, which occurred between designated Niobrara and 
Pirre. 
For the section along the Manitoba escarpment Kirk (1930, p. 123B) 
pr posed the term "Vermilion River beds" for an interval of 
pr dominantly non-calcareous, middle Upper Cretaceous shales in the 
Ri ing Mountain area. In the Pembina Mountain area of Manitoba he 
di ided {p. 114B) strata that time-equivalent to the Vermilion River 
bes into the Morden, Boyne, and Pembina beds. Wickenden {1945} 
fo malized these units, designating them the Morden, Boyne, and Pembina 
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Mem ers of the Vermilion River Formation. Tovell ( 1951), in a study of 
the Pembina Mountain area in canada, retained Wickenden's terminology, 
as id Bannatyne (1970) for the Manitoba escarpment as a whole. McNeil 
and caldwell (1981) abandoned use of the terms Vermilion River Formation 
and the Boyne Member for strata along the Manitoba escarpment and 
ado ted the term Niobrara Formation. However, they retained the 
und rlying Morden Member, raising it to formational rank as the Morden 
Shae. 
In North Dakota, the U.S. terminology was retained in referring to 
the Niobrara and adjacent units -- the Greenhorn Formation and carlile 
Shae below, the Pierre Shale above (Kline, 1942; carlson and Anderson, 
196 ; Bluemle, et al., 1980). Apart from recognition of the Niobrara 
For tion in county studies along the eastern side of North Dakota 
(Ha en and Kume, 1970; Bluemle, 1973, 1975, 1979; Arndt, 1975) and 
bri f reports on the cement potential of the Niobrara (Eckel, 1905, 
191 ; Powers, 1946; carlson, 1964), no stratigraphic studies of the 
Nio rara have been undertaken. carlson (1964), in describing cored 
sec ions, did, however, delineate the lithologic characteristics of the 
Nio rara and subdivided the formation. 
Shale below the Niobrara is referred to in this study as the 
car ile Shale in accordance with recent usage in the U.S. Western 
Int rior (Merewether and Cobban, 1981). Strata directly overlying the 
Nio rara, formerly designated the Pembina Member of the Vermilion River 
For ation, are recognized as the Pembina Member of the Pierre Shale, as 
Gil and Cobban (1965) have done in North Dakota. 
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Sub !visions of the Niobrara Formation 
Many previous studies of the Niobrara Formation in the Pembina 
Mou tain area recognized, formally or informally, stratigraphic 
sub !visions of the formation (Fig. 3). But apart from descriptions, 
lit le or no interpretation was given to explain these depositional 
pat erns. 
MacLean (1915; 1916, p. 132) recognized four units in the interval 
now defined as Niobrara in the Pembina Mountain area of southern 
Man toba. From bot tom to top they were: 114. Black calcareous shales, 
gen rally carbonaceous, fairly well bedded, weathering to a grey surface 
spe ked with white granules. (80 feet); 5. Calcareous shale 
(c bonaceous) ••• similar in appearance (to li) These form the 
ent beds'. (8 feet); 6. Grey shales similar to No. 4. (25 feet); 7. 
lk': a bluish-grey, highly calcareous shale, fairly consistent in 
tex ure. Weathers to yellow or buff surface and breaks into columnar 
fra ments. (25 feet)." According to Kirk ( 1930, p. 128B), MacLean, in 
an npublished manuscript, designated his upper unit {No. 7) the Cheval 
bed , a term rejected by Kirk and subsequent workers. 
Kirk ( 1930) referred to the Niobrara, which he called the "Boyne 
bed", as entirely speckled calcareous shales. He informally divided 
(p. 129-130) the formation into a lower half of dark, carbonaceous and 
fis ile shales that "weather to a brownish grey colour" and an upper 
hal "less carbonaceous and lighter in colour." He al.so noted a 
siderable thickness" of gray, non-calcareous shale somewhere in the 
le of the formation that he said was lithologically similar to the 
rlying "Morden beds." This may be equivalent to MacLean's (1916) 
No. 6 o~ the upper part of his No. li. 
, 
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Figure 3. Historical summary of stratigraphic subdivisions of the 
Niobrara Formation in northeastern North Dakota and southern 
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Tovell ( 1951) recognized an upper 70 feet "consisting of a buff-
weathering, chalky, or marly phase." He noted that the buff color may 
be due to the degree of weathering. Although not noted in his text, 
Tovell's sections (Diagram li7-7B) show two lower units, a basal "shale 
-- speckled white", approximately 35 feet thick, overlain by non-
calcareous shale, approximately 110 feet thick, with some bentonites. 
Carlson (19611, p. 8), in the first descriptions of the same cores 
from northeastern North Dakota used in this study, recognized four zones 
that he designated, in descending order, 
"1)upper white specks zone 
2) high lime zone 
3) non-white specked zone; and 
II) lower white specks zone." 
McNeil and Caldwell (1981) designated a lower "calcareous shale 
member" and an upper "chalky member." Further subdivisions, although 
apparent on their measured sections (p. 3911-397) for the Pembina 
Mountain area, were not designated. They described the calcareous shale 
member as "a sequence of chalk-speckled, olive-black shale, silty or 
sandy in its lowermost few metres, with rare, thin bentonite beds and 
with minor beds of non-calcareous, greyish-black shale." The chalky 
member was described as a "chalky shale or marlstone, the upper half of 
which contains thin but conspicuous interbeds of olive-black, calcareous 
or non-calcareous shale and numerous bentonite beds." They noted that 
the small oyster, Pseudoperna congesta (Conrad), occurs as shelly lenses 
in the lower part of the upper member. 
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Carlile-Niobrara Contact 
The Carlile Shale underlies the Niobrara Formation in North Dakota. 
The contact between the Carlile Shale and the Niobrara Formation has 
been interpreted, on the one hand, as conformable suggesting continuous 
deposition, and on the other hand, as a clear and conspicuous"lithologic 
break suggesting a significant hiatus. 
A number of previous studies have interpreted the Carlile-Niobrara 
contact as conformable. Kirk ( 1930, p. 129B) stated, "The Boyne beds 
follow the Morden beds without any precisely definable plane of 
division, ••• 11 Wickenden ( 1945, p. 33) noted that "delimitation of 
beds of the Morden member in ••• localities farther north (than the 
Pembina Mountain area) is uncertain due to ••• the less than normal 
calcareous character of the overlying Boyne beds." Arndt (1975, p.6), 
in a study of the geology of Cavalier and Pembina Counties, stated that 
"the Niobrara Formation conformably overlies the Carlile Formation." 
Merewether and Cobban (1981, p.48), citing Arndt's work, went even 
further and stated: "The upper part of the Carlile Formation consists of 
non-calcareous shale that intertongues with the overlying Niobrara 
Formation." 
In contrast with these observations, most other workers have 
recognized an abrupt lithologic break at the contact and, in some cases, 
additional distinctive features. Barry and Melsted (1908, p. 155} 
observed that the contact between the "Benton Shale" (Carlile Shale) and 
the Niobrara, in the Pembina Mountain area of North Dakota, is "easily 
seen" and that "the Niobrara at the contact is coarse-grained and hard, 
and contains some sand." Wosick ( 1977, p. 31) stated that "the contact 
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with the overlying Niobrara Formation is identified as a sharp upward 
change from noncalcareous to calcareous shale and the presence of an 
undulating oxidized zone." 
One aspect of the carlile-Niobrara contact that has been alluded to 
by many workers is the presence of fine-grained sands either in the 
uppermost Csrlile Shale or the basal few feet of the Niobrara Formation. 
Tovell (1948, p.3) placed them in the carlile when he said, "The top of 
the Morden member, that is, its contact with the overlying Boyne member, 
is marked by the presence of interbedded fine sand or silt, with shale. 
The fine sand and shale occur in laminae about one-eighth of an inch 
thick. The sand is almost pure quartz, and is uncemented. The 
interbedded sand and shale forms a persistent horizon in the Pembina 
Valley, and averages about ten feet." 
McNeil and Csldwell (1981, p.60) placed this sandy interval in the 
Niobrara and stated that the lower calcareous shale member is "silty and 
sandy in its lowermost few metres." No mention was made of sand in the 
upper part of the Morden Shale. 
Wosick (1977) noted that Kerr (1949) and Halstead (1959) also 
recognized quartz sand and silt along the contact in southern Manitoba. 
Wosick (p. 31) suggested that their observations of quartz sand along 
the contact in North Dakota were in fact observations of "white gypsum 
. . • misidentified as quartz." 
Niobrara-Pierre Contact 
Berkey (1905, p. 146), in an early study in northeastern North 
Dakota, avoided placing a 114 ft iron and gypsum bed" at the top of the 
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Niobrara and 116 ft black and white beds" of the basal Pembina Member of 
the Pierre Shale in either formation. In subsequent studies there seems 
to have been no confusion regarding the position of the upper contact of 
the Niobrara. It is uniformly chosen at the contact between the 
underlying, buff-colored, often highly gypsiferous chalk and the dark 
gray, bentonite-bearing shale. 
Paleontology 
Introduction 
From the very outset of recognition and study of the Niobrara 
Formation, its fossils have played a major role in its description and 
recognition. The first brief description of the formation referred to 
Ostrea congesta and fish scales in the unit (Hall and Meek, 1856). 
Early studies emphasized the macrofossils of the Niobrara (Meek and 
Hayden, 1861; Logan, 1898). It was also early recognized that 
foraminiferids and coccoliths and rhabdoliths were the main constituents 
of the formation (Dawson, 1874, 1875; McClung, 1898). The Niobrara also 
yielded a distinctive marine vertebrate fauna that attracted early 
attention and study (Williston, 1897). 
Calcareous Nannoplankton 
Although recognized early as a major constituent of the Niobrara 
Formation (Dawson 1874, 1875; HcClung, 1898), the calcareous 
nannoplankton of this unit have been studied only sporadically. It is 
only recently, with the use of electron microscope observation, that 
serious study of these tiny fossils has become possible. 
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Rezak and Burkholder {1958) called attention to the importance of 
these fossils in the Niobrara and the chalky units in the Pierre Shale 
and noted, as did Goodman (1951), their presence in the white specks of 
shales in the Colorado Group. 
Trexler (1967) studied the calcareous nannofossils of the Niobrara 
in Colorado, Wyoming, and South Dakota using a technique that replaced 
the calcite of the nannofossils with fluorite; the higher refractive 
index of the fluorite permitted better viewing under light microscopy. 
He studied nannofossils from a number of sections and plotted their 
distributions. However, his illustrations were schematic and his 
identifications and nomenclature are now out of date. Barbieri and 
Medioli (1969) did a similar study of the Upper Cretaceous in southern 
5askatchewan. Feldmann and Holland (1968) published a short paper on 
coccoliths from the Niobrara of northeastern North Dakota. 
By the late 1960s, electron microscopy had become the definitive 
technique for nannofossil study. Gartner (1968) and Bukry (1969) 
provided two major systematic studies of the calcareous nannofossils 
from middle Upper Cretaceous rocks of Texas, Arkansas, and elsewhere. 
These, along with a systematic study by Smith {1981) of Texas 
nannofloras, provide the most definitive regional studies of Cretaceous 
nannofossils available at this time. Insofar as individual nannofossil 
species are very widespread, studies from distant locations provide 






It was early recognized that foraminifers were a major and 
conspicuous constituent in the Niobrara Formation, especially in the 
more calcareous units (Dawson, 1874, 1875; Tyrrell, 1890; McClung, 
1898). The first thorough study of Niobrara foraminifers was carried 
out by Loetterle (1937) from localities in Kansas, Nebraska, and South 
Dakota. Bolin (1952, 1956) studied Niobrara foraminifers from 
southeastern South Dakota and Minnesota, and Kent (1967) described 
microfaunas from northern and western Colorado. More recently McNeil 
and Caldwell (1981) have studied the foraminifers of the Niobrara of the 
Manitoba escarpment. 
A number of detailed studies on the planktic foraminifers of the 
Niobrara and time-equivalent units in Wyoming (Frerichs, 1979; Frerichs 
et al., 1975) and Kansas (Frerichs and Dring, 1981) have yielded a 
planktic foraminiferal zonation for the Niobrara. A zonal scheme, based 
on both planktic and benthic foraminifer species, has been proposed for 
the Upper Cretaceous of the Canadian Western Interior (Caldwell et al., 
1978; McNeil and Caldwell, 1981), and it included zones applicable to 
the Niobrara. 
Macroinvertebrates 
The Niobrara contains a diverse group of macroinvertebrates 
including bivalves, gastropods, cephalopods (ammonites, nautiloids, 
belemnoids and sepioids), annelids, brachiopods, arthropods, and even 
crinoids. This diverse fauna has been described by Miller (1968) from 
assemblages in Kansas. Additional descriptions, illustrations and 
discussions of the fauna have been presented by Frey (1972) for the Fort 
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Hays Limestone Member and by Hattin {1982) for the Smoky Hill Chalk 
Member, both in Kansas. 
Among the invertebrates, two groups, the ammonites and the 
inoceramids, take on particular importance because of their abundance 
and their biostratigraphic utility. The ammonites of the Niobrara have 
been studied in great detail, especially by Cobban (1951, 1964) and have 
resulted in an ammonite zonation for this part of the column. The 
inoceramids have also undergone detailed study, especially by Kauffman 
(1977b). He has delineated the stratigraphic range of many inoceramid 
species in the Western Interior (Kauffman, 1975). However, no modern 
monograph of the systematics of the Inoceramidae is presently available. 
Kauffman (1967}, in his study of macroinvertebrate faunas of the 
Colorado Group (which includes the Niobrara Formation) in the central 
Western Interior recognized 26 distinct assemblages, many of which were 
dominated by inoceramids. He recognized that these assemblages were 
associated with particular lithologies and suggested paleoenvironmental, 
especially depth, interpretations for each assemblage. Similarly, 
detailed paleoecologic interpretations hav.e been carried out by Frey 
(1972) and Hattin (1982). 
Trace Fossils 
Relatively recently, attention has been paid to trace fossils in 
the Niobrara Formation. Frey (1970) described and interpreted trace 
fossils from outcrop in the Fort Hays Limestone Member of the Niobrara 
Formation in Kansas. He recognized eight ichnogenera. Subsequent 
studies (Frey and Howard, 1970; Archer and Hattin, 1982) compared these 
trace fossils with ones found in nearshore elastic rocks of the Upper 
Cretaceous on the western side of the Western Interior seaway. 
CHAPTER II: MATERIALS AND METHODS 
Areal Subdivisions of the Study Area 
The different areas referred to in this study are shown in Figure 
4. On the basis of the subsurface stratigraphy of the Niobrara, eastern 
North Dakota is here divided (Fig. 5) into two areas and the 
stratigraphy of each is described separately. An area south of the 47 
degree parallel, including Emmons, Logan, and McIntosh Counties and 
parts of adjacent counties, is referred to as the southern area. The 
Niobrara Formation of this area shares many of its characteristics with 
sections farther south in South Dakota. 
The area north of the 47 degree parallel and south of the 
International Boundary, constituting the northern two-thirds of eastern 
North Dakota, is referred to as the northern area. There is 
considerable variability in the Niobrara of the northern area but, 
generally, Niobrara stratigraphy there shares characteristics with 
sections farther north in southern Manitoba. 
A number of smaller areas of particular interest within the 
northern area are also designated. First, the area of extensive outcrop 
along the Pembina escarpment north and south of the International 
Boundary has been and is here referred to as the Pembina Mountain area. 
Second, an area of available core and outcrop sections that occurs from 
Cavalier County south to Grand Forks County is here referred to as the 
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greater Niobrara thickness, which occurs in the central part of the 
study area from northern Pierce County to northern Stutsman County, is 
referred to as the central linear area. Finally, an area in which 
numerous stratigraphic test wells permit greater detailed study of the 
Niobrara than elsewhere in the area of study occurs in four counties --
Grand Forks, Griggs, Nelson, and Steele -- midway along the eastern side 
of North Dakota, and is referred to as the four-county area. 
Materials 
Exposures 
Although the Niobrara Formation occurs in subcrop immediately below 
Pleistocene deposits along the entire eastern edge of the Williston 
basin (Bluemle, 1983), its surface exposures are limited. Scattered 
outcrops, representing only the top ten to fifteen feet of the 
formation, occur in Ransom, Barnes, Grand Forks, and Walsh Counties. 
Only along the Pembina River and its tributaries, in Cavalier County in 
the northeastern corner of North Dakota, is the Niobrara exposed in 
thick or nearly complete sections. 
Cores 
Cores used for this study of the Niobrara Formation come from two 
sources. The Lehigh Portland Cement Company drilled a series of 
exploration wells in eastern North Dakota prospecting for cement rock. 
Two of these one-inch diameter cores (designated H-2 and N-2 in '!'able 1) 
have been used in this study. 
The North Dakota Geological Survey (NDGS) in 1963 took a series of 
two-inch diameter cores from test holes drilled along the eastern edge 
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of the Niobrara subcrop in Walsh and Grand Forks Counties to assess the 
cement rock potential of the formation. A number of these cores (E-1, 
PR-1, and PR-2} represent greater than half of the formation thickness 
but most cover only the central, "high-lime" zone that was the major 
interest of that study. The cores were described by Carlson (1964), and 
electric logs were run on a number of the wells. Together, cores of the 
Lehigh Cement Co. and the NDGS cover the entire thickness of the 
Niobrara Formation. 
~ Logs 
Observation of the Niobrara Formation westward of the core and 
exposures was accomplished using data from all available well logs in 
eastern North Dakota (east of the 100 degrees 30 minute meridian), 
These data come from 281 wildcat wells with North Dakota Geological 
Survey numbers and 83 stratigraphic test wells. Locations of these 
wells are listed in Appendix Band shown on Plate 1. Most of these 
wells were drilled in the 1950s and 1960s and employed the standard, 
electric-logging techniques of the time: the spontaneous potential 
(S.P.) and resistivity (short normal and long normal) logs. 
In regard to the S.P. curve, "deflections on the S.P. curve result 
from electric currents flowing in the mud in the borehole. These 
'currents' are caused by electromotive forces in the formations, which 
are of electrochemical and electrokinetic origins" (Schlumberger 
Limited, 1972, p. 7), The differences in S.P. reflect differences in 
rock permeability with distinctive contrasts observed between shale and 
sandstone units and, as seen in this study, between more and less 
calcareous units. The S.P. log is a good log for detailed correlation. 
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The resistivity log curve records the degree to which a body of 
rock resists the flow of an induced electric current. This curve also 
serves well for detailed stratigraphic correlation within the Niobrara. 
This study has relied mainly on the short normal resistivity curve. 
Methods 
Stratigraphy 
Outcrop and Core Sections 
The outcrop sections were measured using a tape and hand level. In 
the description of the core and outcrop sections the following 
lithologic characteristics were noted: 
1} Color, using the nomenclature of Goddard et al.{1948); 
2} Sedimentary structures: including whether the beds were laminated, 
bioturbated, mottled, or homogeneous, and whether white specks were 
present; 
3) Distinctive lithologies or features: including bentonites, pyrite 
nodules, sand laminae, and concentrated fish-bone lags; 
4) Fossils: where fossils were a major part of the lithology, such as 
concentrated layers of fossil shells or conspicuous trace fossils in 
bioturbated intervals. 
Cross Sections 
Five cross sections were constructed; each consisted of information 
from ten or more wells. Each well is represented by an S.P. and a 
resistivity curve that have been brought into close proximity to one 






along the cross section so that the pattern of the stratigraphic units 
is more clearly discernible. 
The datum used in all the cross sections was the top of the 
Greenhorn Formation. This datum occurs as an unmistakable series of 
sharp, high-resistivity deflections on the resistivity log. Having a 
datum completely outside of the stratigraphic interval of concern, that 
is, the interval from the upper Carlile Shale through the lower Pierre 
Shale, avoids biases of interpretation. 
Isopach Maps 
Isopach maps, covering eastern North Dakota, were constructed for 
the Niobrara Formation, for each of its two members, and for the upper 
Carlile Shale. Isopach maps covering local areas were constructed for 
subdivisions of the Niobrara in the southern area and in the four-county 
area. 
Detailed Comparisons of Logs of Closely Spaced Wells 
In addition to cross sections and isopach maps, a technique of 
comparing, in great detail, logs from closely spaced (usually less than 
ten miles apart) weils was employed. Well logs were copied and the 
S.P., resistivity, or both, curves were superimposed using a light 
table. By this method it was possible to match many stratigraphic 
intervals essentially bed-by-bed. In many cases, additional "beds", on 
one of two logs compared, were observed within a sequence of otherwise 
matching "beds." The absence of these "beds" in one of the two sections 
suggested the presence of a diastem within the section. Even thin (ij-5 
feet or 1-2 m) stratigraphic breaks were recognizable. For the purposes 
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of illustration (Figs. 8, 10, 17-20) pairs of logs were cut at diastems 
recognized by this method, the curves of matching stratigraphic 
intervals were placed side by side, and the amount of section missing, 




Calcareous nannoplankton are ubiquitous within the Niobrara 
Formation and constitute the main biotic component, both by weight and 
by volume, of the formation. The nannofloras studied came from six 
cores (E-1, E-2, N-2, PR-1, PR-2, and S-5) which, together, constitute a 
composite complete section of the formation. Samples were collected at 
approximately five-foot intervals. 
Calcareous nannoplankton were studied by two methods: observation 
under the phase-contrast light microscope and observation under the 
scanning electron microscope. Because there is considerable clay and 
silt in association with the nannofossils within the rock samples, 
methods were employed to clean and concentrate the samples so that 
observations could be made on the individual calcareous nannoplankton 
specimens. During this process every precaution was taken to avoid 
contamination as the individual specimens are very small (usually 5 to 
15 microns in diameter) and can inadvertently be transferred from one 
sample to another. These precautions involved washing all repeatedly 
used glassware in a dilute hydrochloric-acid bath, rinsing it thoroughly 
with distilled water before re-use, and using disposable materials 
(e.g., 9isposable straws as pipettes) wherever possible. 
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Samples were prepared for study according to the following steps: 
1) Small samples were taken from a clean (preferably inner) surface 
of a core. 
2) The sample was pulverized using a small ceramic mortar and pestle. 
Most of the powdered sample was retained for future study. 
3) A small portion of the powdered sample was mixed with distilled 
water in a glass test tube, placed in an ultrasonic vibrator for 15 
seconds, stirred, and then allowed to settle for one and one-half 
minutes. 
4) The suspension was retained and decanted into a centrifuge tube. 
The residue was discarded. 
5) The sample was centrifuged at a moderate speed for three minutes, 
until most of the sample was concentrated at the bottom of the tube, and 
the water remained only slightly milky. 
6) Most of the water was discarded; distilled water was added to the 
sample in the bottom of the tube, and the operation was repeated one or 
two more times until the water above the sample remained clear after 
centrifuging. In this way the fine clay fraction was removed. 
7) The sample was resuspended in a few drops of distilled water and a 
drop of calgon solution, a dispersing agent, was added to prevent 
clumping. The sample was stored in a small, screw-top vial. 
To prepare slides for observation under the light microscope the 
following steps were taken: 




2) A drop of distilled water and then a drop of the prepared, 
suspended sample was placed on the cover slip and allowed to dry. 
3} A drop of Caedex was placed in the center of a glass slide. The 
glass slide was then inverted bringing the drop of Caedex in contact 
with the dried sample on the cover slip. 
4) The slide plus cover slip was placed, cover slip up, on the 
hotplate for 5 to 10 minutes as the volatiles of the Caedex were driven 
off; and the slide was then removed and allowed to cool. 
The suspended sample was also used in preparing samples for 
scanning electron microscope (SEM) observation. A small graphite or 
aluminum plug was placed on a hotplate and a drop of distilled water 
placed on its surface. A drop of the suspension, in some cases diluted 
depending on the concentration of the sample, was added to the water 
drop. This was then allowed to dry. The upper surface of the plug with 
the dry sample was then coated with a thin coating of gold in order to 
dispel a charge build-up on the sample during SEM observation. 
A third method of observation of calcareous nannoplankton involved 
SEM observation of specimens in situ, on the broken surface of a small 
rock fragment. Here, too, the specimen was coated with gold before 
examination under the scanning electron microscope. 
The light microscope used for nannofossil observation was a Leitz 
trinocular, phase-contrast microscope. 
Pr Fl 011 70/1.15 and oculars were 10X. 
The objective was oil immersion 
The magnification, taking into 
account the tube factor of 1.25, was 875X. The microscope utilized a 
Heine condenser with immersion cap that permitted observation in the 
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phase-contrast mode. Rotating a polarizing filter between the light 
source and the condenser permitted observation of the specimens under 
conditions approximating a rotating stage with cross-polarized light. 
This microscope was used to photograph individual specimens using a 
Nikon camera attachment. Most photographs were made under phase 
contrast without cross-polarized light. 
Although observation under light microscopy was made at the lower 
end of optimal magnification for identification of calcareous 
nannoplankton, it was possible to identify most species. Scanning 
electron microscope observations confirmed these identifications. 
Counts were then made of each slide to determine relative abundances of 
species. From 200 to 300 specimens were identified and counted per 
slide as a result of one or several traverses across the slide and these 
counts converted to percentages. Because such counts are inherently 
quite variable from slide to slide even from the same sample, the 
percentages were converted to a more general indication of abundance as 
follows: 
Very Abundant 25 percent or greater 
Abundant 10-25 percent 
Very Common 5-10 percent 
Common 2-10 percent 
Uncommon 1-2 percent 
Rare less than 1 percent 
If a species was not seen during a count but was observed in the slide 
during general inspection, it was counted as rare. 
-~ 
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For scanning electron microscopy, a JEOL JSM-35C scanning 
microscope was used, at an accelerating voltage of 15 kv and a beam 
current of 150 pA for maximum resolution. Individual coccoliths were 
observed and photographed using a 4x5 inch Polaroid camera attached to 
the microscope. To allow easier comparisons of specimens presented in 
the plates, all single coccoliths were photographed at 6000X. Attempts 
were made to photograph both distal and proximal views of specimens of 
the important species. Where coccospheres were observed and calcareous 
nannoplankton were photographed in situ, different magnifications were 
adopted as suited the particular specimens. 
Cores which were chosen for study of calcareous nannoplankton were 
assigned accession numbers. Particular samples from these cores were 
designated by the accession number and an additional number placed after 
a decimal point. The number also applies to the slide made from that 
sample. 
Macrofossils and Trace Fossils 
Macrofossils and trace fossils were collected from outcrop sections 
where observed. A few specimens were collected from float. In cores, 
macrofosslls were collected mainly from occurrences on bedding planes. 
Trace fossils were observed on bedding planes and in slabbed cores and 
examples were retained for study. Specimens that were measured or 
illustrated were assigned UND catalog numbers and were deposited in the 
University of North Dakota paleontology collections. 
CHAPTER III: STRATIGRAPHY 
Introduction 
The stratigraphy of the Niobrara Formation in eastern North Dakota 
is presented in two parts. First, the stratigraphic units are described 
and their lithologic and paleontologic characteristics presented. These 
data were derived from the core and surface sections in which strata 
were observed and described. Secondly, stratigraphic units recognized 
from electric logs from wells covering the entire subsurface 
distribution of the Niobrara in the eastern North Dakota study area are 
described. The patterns of distribution of these stratigraphic units 
are presented on the basis of cross sections, isopach maps, and detailed 
comparisons of closely spaced wells. In subsequent chapters 
interpretation is given these patterns of distribution based on 
stratigraphic, lithologic, geochemical, and paleontologic data along 
with the application of depositional models and comparisons with other 
Niobrara studies elsewhere in the Western Interior. 
Terminology 
This study has adopted stratigraphic nomenclature at the formation 
level (Table 2) consistent with the terms that have been used in North 
Dakota by the U.S. Geological Survey and adopted by the North Dakota 
Geological Survey in the North Dakota Stratigraphic Column (Bluemle, 
Anderson, and Garlson, 1980). A number of recent studies in North 
Dakota and adjacent states by U.S. Geological Survey geologists have 
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Table 2. Stratigraphic terminology adopted herein. 
Northern Area Southern Area 





upper shaly chalk 
chalk 
middle shaly chalk 
shale 






























used this American terminology (Gill and Cobban, 1965; Shurr, 1980; 
Merewether, 1983). 
This study involves recognition of units underlying the Niobrara 
that extend across the entire study area. The American terms Carlile 
Shale and Greenhorn Formation, used elsewhere in the Western Interior 
basin farther south, are used here. Below the Niobrara, the Carlile and 
the Greenhorn maintain their electric log characteristics over vast 
distances in the eastern and central Western Interior basin. 
The informal members adopted by Caldwell and McNeil (1981) for the 
Niobrara Formation in southern Manitoba, are used here for surface, 
core, and well-log sections. This study further subdivides these 
members on the basis of information derived from of core sections. In 
the southern area additional, informal, unit designations are applied on 
the basis of-the subsurface well log sections. 
The lowest member of the Pierre Shale is called the Gammon Member, 
in preference to the Gammon Ferruginous Member or the Gammon Shale 
Member, previously used. In western North Dakota this member has been 
given formational rank as the Gammon Shale (Gill and Cobban, 1973; 
Gautier, 1981) and, for consistency in terminology, the descriptive 
adjectives have been dropped from the member name. 
Outcrop and Core Sections 
The Niobrara Formation was divided into two members -- a lower 
calcareous shale member and an upper chalky member-- following the 
procedure of McNeil and Caldwell (1981). The formation was further 
divided into five stratigraphic units (Table 2 and Fig. 5), designated A 
through E, which are described below. 
Figure 5. Summary of Niobrara stratigraphy based on cores in the 
northeastern area. 
Lithologic symbols: narrow horizontal lines, laminated 
calcareous shale; cross hatch, bioturbated calcareous shale; 
brick pattern, ·bioturbated chalk; wide horizontal lines, 
laminated chalk and shaly chalk; wide horizontal lines with 
arrows, bentonite-rich shaly chalk. 
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The contact between the Niobrara Formation and the underlying 
Carlile Shale differs in appearance from location to location but where 
observed in outcrop and core it is recognized as a distinct change from 
non-calcareous shale to calcareous shale. The Carlile Shale is a medium 
gray (H4}, non-calcareous, clay shale that breaks in a blocky fashion. 
It characteristically has light yellow mineralization (probably 
jarosite} along numerous fractures. It is also characterized in surface 
sections by large, septarian, calcareous concretions that occur 10 to 20 
feet below the contact with the Niobrara (Wosick, 1977). 
Calcareous Shale Member 
The calcareous shale member is the lower member of the Niobrara in 
northeastern North Dakota. It is a slightly to moderately calcareous, 
medium olive gray (5Y5/1) shale. It was subdivided into two 
stratigraphic units, A and B. 
Unit A is the basal stratigraphic unit of the Niobrara, a 
calcareous shale, approximately 40 feet (12 m) thick, medium olive gray 
(5Y5/1}, with conspicuous, flattened, white specks. It is an evenly 
bedded to laminated and fissile shale. Near the base of the unit, in 
the lower 10 to 15 feet (3 to 4 m), there are thin, fine-grained, 
sandstone laminae. Occasional layers and thin zones of concentrated 
fish debris (scales, teeth, and bones}, along with the inarticulate 
brachiopod, Lingula sp., occur throughout the unit. Both in core and in 
outcrop, compressed impressions of larger fossils, particularly 
ammonites, occur. In outcrop, a faunule of the scaphite, Clioscaphites 
cf. £· saxitonianus septentrionalus, was found about ten feet (3 m) 
above the base of the unit on the Little North Pembina River. The 
highly compressed condition of the ammonites, as well as the flattened 
"white specks" and the distinct fissility attest to the considerable 
compaction the sediments have undergone. 
Unit B, which overlies unit A, is a 50-foot (16 m) interval of 
medium olive gray (5Y5/1} to medium dark gray (N4.5} moderately 
calcareous to non-calcareous shale. It is gradational with the 
underlying unit. Unit B has only scattered "white specks" or, more 
commonly, the "White specks" are absent. It is more massive and less 
fissile than unit A and is homogeneous or somewhat mottled, apparently 
due to bioturbation. Where there is sufficient contrast in sediment 
color, non-pyritized burrows can be discerned. Pyritized burrows are 
also commonly present. Pieces of large inoceramid shells, possibly 
Platyceramus platinus, commonly encrusted by the small oyster, 
Pseudoperna congesta, are common in outcrop sections. Locally, in 
outcrops along the Pembina River valley, unit Bis completely non-
calcareous and resembles the carlile Shale below. Thus, unit Bis 
equivalent to the non-calcareous middle unit recognized by Kirk (1930) 
and Tovell (1948). 
Chalky Member 
The chalky member is the upper member of the Niobrara in 
northeastern North Dakota. Generally, it is light to very light gray 
and it characteristically weathers to buff. It is divided into three 
stratigraphic units, C, D, and E. 
Unit C is a 20- to 25-foot (6.1-7.6 m) interval of very light gray 
(N8) to light gray (N7) massive, indurated, chalk. The contact between 
-- -- -------------------
unit B of the calcareous shale member and the overlying chalk of unit C 
is distinctive and abrupt and is best seen in the cored sections. 
Whereas the upper portions of unit Bare of medium dark gray (N4.5), 
slightly calcareous shale, the basal unit C is a very light gray (NS) 
chalk. The contact is irregular and the shales are dominated by the 
small tubes of Chondrites sp. B to a depth of 9 to 10 inches (20-25 cm) 
below the contact. These burrows, filled with the very light gray chalk 
of unit C, strongly contrast with the darker shale matrix of unit B. 
Unit C is highly bioturbated, although this is conspicuous only 
where there is some variation in color. A variety of burrows, both non-
pyritized and pyritized, are recognized. Distinct horizons of medium-
sized specimens of the oyster, Pseudoperna congesta, and inoceramid 
shells and shell fragments are common. In some cases, thin intervals of 
darker shale·are present within the chalk. Secondary calcite cemented 
the sediment, as can be seen under the scanning electron microscope. 
Unit C is lithologically gradational upward into unit D. Unit Dis 
an approximately 56-foot (17 m) interval of light olive gray (5Y6.5/1) 
shaly chalk characterized by conspicuous and abundant white specks and 
blebs. The chalk is evenly bedded to laminated and only rarely shows 
any sign of bioturbation. Mostly, this is a monotonous unit of uniform 
rock with few macrofossils; there are occasional specimens of medium to 
small Pseudoperna congesta and prisms of inoceramid shells. Teleost 
fish scales, teeth, and bones are present but do not occur as 
concentrated layers or lag deposits as in unit A. Some horizons exhibit 
great numbers of planktic foraminifers. 
----- -----------------------
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Unit E, overlying unit D, the uppermost unit of the Niobrara, is a 
20-foot (6 m) interval similar in color and general lithology to unit D, 
although the "white specks" are locally less conspicuous due to some 
bioturbation. Unit Eis distinguished from unit D by the presence of 
ten thin bentonite beds 1,5 to .25 inches (3.8-.6 cm) or less thick. 
The bentonite is mostly altered, especially in exposed sections, where 
the beds occur associated with iron oxides and abundant gypsum crystals. 
Most bentonites can be matched bed-for-bed between the two cores, PR-1 
and PR-2, that cover this upper interval. The upper part of the unit 
near the contact is characterized in outcrop by abundant gypsum. 
The Niobrara is overlain by the Pembina Member of the Pierre Shale, 
which is a non-calcareous, very dark gray shale with numerous, 
conspicuous, cream-colored bentonite beds giving the lower part of the 
member a banded, "black and white" appearance. Gill and Cobban ( 1965) 
described this member of the Pierre in detail, based on outcrop 
sections, in northeastern North Dakota. 
Well Log Sections 
Introduction 
A detailed study of the pattern of deposition of the Niobrara 
Formation in the subsurface of eastern North Dakota was undertaken in 
order to aid in understanding the pattern of occurrence of the Niobrara 
as observed in the core and outcrop sections in the northeastern part of 
the state. In addition to looking at the Niobrara, attention was given 
to the stratigraphically adjacent units, insofar as their distribution 




The Greenhorn Formation is described (McNeil and Caldwell, 1981), 
in southern Manitoba where it occurs in outcrop and is there referred to 
as the Favel Formation, as a calcareous chalk-speckled shale to shaly 
limestone. It contains a number of well-indurated limestone beds. 
The top of the Greenhorn Formation served as the datum for the 
cross sections constructed. The formation was easily recognized in well 
logs, especially on the resistivity curve Where high resistivity 
reflects the high degree of induration of many horizons within the 
formation. The Greenhorn, apparently, grades upward into the Carlile 
Shale and, in a few instances, apparently grades laterally into the 
Carlile (Plates 8 and 9). 
Carlile Shale 
The Carlile Shale is a non-calcareous dark gray shale. In well 
logs it is distinguished by relatively low variability in the S.P. and 
resistivity curves. The S.P. curve of the Carlile follows a positive, 
relatively straight line referred to as the "shale base line." Compared 
with the overlying Niobrara Formation, the Carlile Shale exhibits a 
remarkable lateral continuity of detailed stratigraphy as seen in the 
logs. This suggests continuous, widespread deposition. 
Of particular concern to this study is the negative deflection on 
the S.P. curve observed in the upper third of the formation and here 
referred to as the "upper Carlile deflection". This unique, and readily 
identifiable, deflection can be traced over most of the study area and 
is likely the result of a widespread bentonite or thin, bentonitic shale 
interval. It possibly corresponds with the upper concretion layer 
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observed by Wosick (1977) in outcrops of the Carlile in northeastern 
North Dakota. Whatever its origin, this deflection serves as a means of 
determining the variation in thickness of the interval of Carlile Shale 
above it, here referred to as the upper Carlile Shale interval. 
This upper Carlile interval is not lithologically distinct from the 
rest of the Carlile on the basis of electric logs. However, the 
interval varies in thickness (Plate 2) over the study area, from areas 
where it is in excess of 200 feet (60 m) thick to areas where it has 
been completely removed. The overall trend is a thickening of the 
interval toward the west. In the southern area the upper Carlile 
thickens regularly toward the northwest. In the central area, there 
exists a narrow northwest-southeast-trending zone of much thinner upper 
Carlile. This area of thinness is particularly pronounced in central 
Benson and northern Pierce Counties. In the northeastern area, the 
interval thins from a broad northwest-southeast zone (western Ramsey and 
Toh'!ler Counties) where it is approximately 100 feet (30 m) thick to an 
area in northeastern Nelson, western Walsh and eastern Cavalier Counties 
where it is 40 feet (15 m) or less in thickness. Because the shale of 
the upper Carlile exhibits exceptional lateral continuity of beds as 
seen on electric logs, the cross sections (Plates 6-10) clearly show the 
degree to which the upper Carlile Shale has been cut away. The Carlile 
nowhere appears to be gradational with the overlying Niobrara Formation. 
The Carlile-Niobrara contact, in eastern North Dakota, represents a 
major, area-wide unconformity. 
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Niobrara Formation 
In well logs, the Niobrara Formation is distinguished from the 
Carlile Shale, below, and the Pierre Shale, above, by a more negative 
(leftward) S.P. curve and a resistivity curve usually showing greater 
resistivity. The Niobrara Formation exhibits, on S.P. and resistivity 
curves, greater lateral variability than the Carlile Shale. 
The Niobrara Formation, taken as a whole, shows considerable 
variation in thickness (Plate 3) over the eastern North Dakota study 
area. It ranges from 2711 feet (83.5 m} to 62 feet ( 18.9 m). However, 
there is no simple trend of change of thickness over the entire area and 
the formation does not exhibit expected thinning to the east, toward the 
supposed shoreline. 
Instead, there is a clearly discernible trend of thicker and 
thinner belts of Niobrara oriented northwest-southeast. There are three 
thicker zones: in the southern area (McIntosh, Logan and Burleigh 
Counties), the central linear area (northern Stutsman, Foster, western 
Benson and northern Pierce Counties), and the northeastern area 
(northeastern Nelson, western Walsh and eastern Cavalier Counties). A 
number of laterally abrupt changes of thickness are noted, especially in 
southwestern Benson County, southeastern Nelson County and south-central 
Logan and north-central McIntosh Counties. The thick zones in the 
central and northeastern areas correspond well with areas of thinner 
upper Carlile Shale. The thicker Niobrara in the southern area, 




In the southern area, five stratigraphic units (Fig. 6) are 
recognized in the Niobrara Formation. The units, in ascending order, 
are: 
A lower shaly chalk that exhibits a slightly more negative S.P. 
curve than the underlying Carlile Shale and a relatively high 
resistivity; 
A shale that exhibits an S.P. curve which corresponds to the shale 
base line and a low resistivity curve. This unit appears to be less 
calcareous than any other unit encountered in this study. The concave 
resistivity curve of this unit is distinctive and readily recognized; 
A middle shaly chalk that is differentiated from adjacent units by 
the intermediate position of the S.P. and resistivity curves; 
A chalk that shows a markedly negative S.P. curve and greater 
resistivity than any other unit encountered in the Niobrara. Commonly, 
the upper contact of this unit with the next overlying is abrupt and 
apparently marked by an overlying shaly zone; 
An upper shaly chalk that has a more negative S.P. curve and 
greater resistivity than the overlying shale of the Gammon Member of the 
Pierre Shale. The upper contact is gradational and, in many places, 
difficult to place with confidence. 
Distribution of Niobrara Subdivisions in the Southern Area 
The lower shaly chalk (Fig. 7) represents a basal unit onlapping 
from the southwest. The abrupt termination of the unit to the east 
• 
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Figure 6. Electric log (spontaneous potential and resistivity) of 
a" typical well from the southern area, eastern North Dakota. 
'! 
NDGS Well No. 1835 
Herman Hanson Oil Syndicate 
B., A., & T. Welder #1 
C NE NW 20-13)-72 Logan co., N.D. 
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Figure 7. Isopach map of the lower shaly chalk, Niobrara 
Formation, in the southern area, eastern North Dakota. 
Contour interval:20 feet. 
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suggests either that the unit abutted a carlile Shale shoreface or that 
the unit extended farther eastward and its deposition was followed by 
local uplift and erosion on the east before subsequent deposition. 
Comparison (Fig. 8) of logs of closely spaced wells in Emmons 
County suggests that this lower unit contains many diastems. Generally 
it is difficult to recognize any bed-by-bed correlation in this unit, 
even between logs of closely spaced wells. This suggests that bottom 
currents were active during deposition of this unit with resultant local 
erosion and redeposition of beds. 
The second, or shale unit extends (Fig. 9) over the entire southern 
area. It ranges in thickness from 35 to 95 feet (10.7-29.0 m) and is 
generally thickest in the central and eastern part of the southern area, 
thinning toward the west. The electric log curves of closely spaced 
wells show a·good match, deflection-by-deflection, but beds are not as 
continuous over considerable distances as they are in the chalk higher 
in the section. Comparison of logs of closely spaced wells in Logan 
County (Fig. 10) shows a major diastem within the shale unit. 
The middle shaly chalk occurs (Fig. 11) only in the central area as 
a band about 30 miles (48 km) wide trending northwest-southeast, and 
thins abruptly towards the west. It is not clear what happens to the 
unit towards the east. In a number of wells, it is difficult to 
distinguish this unit from the overlying chalk and these two units may 
appear as one along the eastern side. The pattern observed in cross 
section Ills suggests that this unit is the time-equivalent of the 
calcareous shale member of the north and central area. 
1 
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Figure 8. Detailed comparison of logs of two wells in Emmons 
County, North Dakota. The curves of matching stratigraphic 
intervals are placed side by side. The diastems are 
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Figure 9. Isopach map of the shale unit, Niobrara Formation, in 




Figure 10. Detailed comparison of logs of two wells in Logan 
County, North Dakota. The curves of matching stratigraphic 
intervals are placed side by side. The diastems are indicated 
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Figure 11. Isopach map of the middle shaly chalk, Niobrara 
Formation, in the southern area, eastern North Dakota. 
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The chalk unit (Fig. 12) is the most conspicuous and most laterally 
continuous of the five stratigraphic units within the Niobrara. Some of 
the observed variability in thickness is attributable to the difficulty 
in picking the upper boundary in places where this unit is 
lithologically gradational with the overlying unit. Individual beds 
within this unit can be traced tens of miles; in comparisons of closely 
spaced wells, the bed-by-bed match is nearly perfect (Figs. 8 and 10). 
The top unit of the Niobrara Formation in the southern area is the 
upper shaly chalk (Fig. 13). Comparisons of closely spaced wells 
indicate one or more minor diastems near the base of the unit (Figs. 8 
and 10). Higher beds of the shaly chalk can be widely traced laterally. 
As noted earlier, it is difficult to identify the boundary between this 
unit and the overlying Gammon Member of the Pierre Shale. 
Northern Area 
Stratigraphic Units 
The divisions of the Niobrara Formation observed in core and 
outcrop sections in the northeastern corner of North Dakota can be 
applied with some confidence to well log sections in the northern area. 
Three typical well logs are presented for this area. Figure 14 
represents the stratigraphic sequence of the Niobrara in the northeast 
corner of the state; the units that can be recognized on this electric 
log correspond well with the sequence seen in outcrop and core. The two 
members are easily differentiable in this well and on other logs of 
nearby wells. Although the basal contact of the Niobrara may be 
difficult to determine on a single log, the lower, calcareous shale 
L__ 
- - -- --- -------------
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Figure 12. Isopach map of the chalk, Niobrara Formation, in the 

















Figure 13. Isopach map of the upper shaly chalk, Niobrara 
Formation, in the southern area, eastern North Dakota. 
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Figure 14. Electric log (spontaneous potential (S.P.) and 
resistivity) of a typical well from the northeastern area, 
eastern North Dakota. 
NDGS Well No. 2342 
NWSW 3-160-57 


























member exhibits greater variability from well to well on S.P. and 
resistivity curves than the underlying non-calcareous shale of the 
Carlile. The chalky member is typical of chalk units seen elsewhere; it 
exhibits greater resistivity and a markedly more negative S.P. curve 
than the calcareous shale member. This probably is related to the 
greater degree of cementation of the chalk than of the shale, the result 
of greater calcium carbonate content of the chalks. The basal 13 feet 
(4 m) of the chalky member may represent unit C of the core sections 
described above. 
On a log from a well in the central linear area, a northwest-
southeast trending area of thick Niobrara (Fig. 15), the Niobrara is 
easily recognized on the basis of distinctly more variable S.P. and 
resistivity curves than those of the underlying Carlile Shale. In the 
central linear area, two units, especially noticable on S.P. curves, are 
recognized. However, it can not be established with certainty that 
these are the same units as the calcareous shale member and chalky 
member recognized in the northeastern area. Above the Niobrara, there 
is a thin interval between the typical chalk of the Niobrara and the low 
resistivity curve of the bentonitic shale of the lower Pembina Member of 
the Pierre Shale (Ardmore bentonite). Following practices elsewhere 
(McNeil and Caldwell, 1981; Rice, 1977), I recognize an upper 
transitional interval of calcareous shale {Niobrara} and a thin Gammon 
Member of the Pierre Shale. 
In a log of a typical well in the four-county area (Fig. 16) the 
lower, calcareous shale member can be subdivided into two units: unit I, 
a calcareous shale with the S.P. and resistivity curves towards the top 
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Figure 15. Electric log (spontaneous potential (S.P.) and 
resist"ivity of a typical well from the central linear area, 
eastern North Dakota. Recognition of the two members is 
difficult and, therefore, their names are followed by 
question marks. 
NDGS 654 
SE NE 21-152-69 
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Figure 16, Electric log (spontaneous potential, S.P., and 
resistivity) of the Niobrara Formation in a typical well 
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reflecting possibly chalkier beds; and unit II, with slightly lower 
resistivity and more positive S.P., suggesting an interval with a clay 
content greater than in unit I. The upper, chalky member.exhibits 
higher resistivity and more negative S.P. than either unit I or unit II. 
Distribution of Stratigraphic Units 
The base of the calcareous shale member is difficult to recognize 
on electric logs in the northern area just as it seems to be 
(Merewether, 1983; Arndt, 1975) in measured sections. The contact is 
between non-calcareous shales of the carlile, below, and slightly to 
moderately calcareous shales of the basal Niobrara. In electric logs, 
recognition of the base of the Niobrara can be made by comparing logs of 
closely spaced wells. The contact occurs where the laterally continuous 
beds of the carlile are succeeded by slightly more variable, laterally 
discontinuous beds of the Niobrara. A basal unconformity is documented 
when a number of sets of logs of closely spaced we:Us are compared in 
detail (Figs. 17-20). The differing thicknesses of the upper carlile, 
as seen in the isopach map (Plate 2) and cross sections (Plates 6-10), 
reflect the degree to which this interval has been cut away preceding 
deposition of the Niobrara Formation. 
In the central linear area, erosion on the Carlile surface formed a 
distinct channel. Apparently, the depositional.conditions within this 
zone were adequately different from those of the shallower platform on 
either side so that the widespread chalky member, easily recognized by 
its electric log characteristics elsewhere in the study area, is 
considerably less chalky. As a result, the two members of the Niobrara 
are not easily distinguished. Consequently, the thicknesses of the 
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Figure 17. Detailed comparison of logs of two wells in Nelson 
County, North Dakota. The curves of matching stratigraphic 
intervals are placed side by side. The diastems are indicated 
























Figure 18, Detailed comparison of logs of two wells in Rolette 
County, North Dakota. The curves of matching stratigraphic 
intervals are placed side by side. The diastems are 
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Figure 19. Detailed comparisons of logs of three wells in Cavalier 
County, North Dakota. The curves of matching stratigraphic 
intervals are placed side by side. The diastems are indicated 
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Figure 20. Detailed comparisons of logs of four wells in Cavalier 
County, North Dakota. The curves of matching stratigraphic 
intervals are placed side by side. The diastems are indicated 






































separate members are omitted within the central linear area on their 
respective isopach maps (Plates 4 and 5), The members are tentatively 
separated in the cross sections. 
Where the calcareous shale member of the Niobrara can be 
identified, that is, outside the channel zone, where the top can be 
accurately determined (Plate 5), it is less than 60 feet (18.3 m) to 
approximately 140 feet (42.7 m). The member thickens gradually 
northeastward from about 60 feet (18 m), just north of the central 
linear area, to about 135 feet (41 m) in the vicinity of the core and 
outcrop sections in the northeastern corner of Niobrara distribution, 
Toward the northeast, this thickening trend corresponds with the 
thinning of the upper Carlile Shale interval (from more than 100 feet to 
less than 40 feet) (Compare with Plate 2). 
In addit1on to the major basal unconformity, one or more local, 
intraformational diastems within the calcareous shale member can be 
recognized when logs of closely spaced wells are compared (Figs. 17-20). 
Examples are presented from Nelson, Rolette, and Cavalier Counties. 
These diastems range from 6 feet to 33 feet (2 to 11 ml of total missing 
section from one well to the next. 
The chalky me~ber generally shows an exceptional lateral continuity 
of beds similar to the continuity of beds in the upper chalk unit in the 
southern area. Comparison of logs of closely spaced wells (Figs. 17, 
19, 20) shows good to excellent bed-by-bed match within the chalky 
member. In the northeastern area, 10 to 20 feet (3 to 6 ml at the base 
of the chalky member show up on logs as with higher resistivity than the 
overlying beds. Most of the logs from wells in Cavalier, Walsh, Nelson, 
and eastern Ramsey Counties show tis interval. This probably 
represents the more calcareous, mo e indurated, and more bioturbated 
interval referred to as "unit C" if the core sections. 
South of the central linear area, the upper chalky member is mostly 
30 to ijO feet (9 to 12 m} thick b~ thins in eastern Sheridan County. 
Northeast of the central linear a ea, the member thickens toward the 
east from approximately 25 feet ( m), in western Ramsey and Cavalier 
Counties, to greater than 100 fee (30 m) in Walsh and Grand Forks 
Counties. The chalky member is t innest in northern Towner County, 
adjacent to the Canadian border (~late 10), and on the border between 
Griggs and Steele Counties where ~tis locally missing. 
The upper member of .the cen ral linear area, probably equivalent to 
the chalky member, has two attri utes different from the chalky member 
as it occurs on the adjacent pla forms. First, as suggested by 
responses on electric logs, the halk is less calcareous in the channel 
zone than is typical on either s~de. Well logs along the approximate 
center of the central linear arer, show distinctly similar S.P. and 
resistivity curves; everywhere ~long the central linear area the chalky 
member seems to have a higher a~gillaceous content than· elsewhere in the 
study area. I 
Second, on the basis of crJss sections, it appears that what is 
I 
interpreted as the chalky member is much thicker in the channel zone 
than it is to either side. Thr. suggests either deposition of a 
relatively thin calcareous sha e followed by a thick chalky member, or 
removal.of much of the calcare us shale member before chalky member 
deposition. 
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In the four-county area stratigraphic patterns of the northern area 
can be seen in greater detail. In particular, erosion on the upper 
surface of the Niobrara is more clearly documented than anywhere else in 
this study. 
The lower unit (unit I) of the calcareous shale member of the 
Niobrara ranges (Fig. 22) from 18 feet (5.5 m) in the south to 79 feet 
(24.1 m) in the north. The area where unit I is thinner corresponds 
well with the area of thicker, least eroded, upper carlile (Fig. 21). 
The upper unit (unit II) of the calcareous shale member gradually 
thickens from west to east (Fig. 23) from 25 feet to 69 feet (7.6-21.0 
m). 
The chalky member exhibits (Fig. 24) dramatic lateral changes in 
thickness. Within a distance of twelve miles (9 km) the chalky member 
thins from 112 feet (34 m) to 0. Similarly, the unit thins from 111 
feet (34 m) to 17 feet (5 m), a distance of only three miles (5 km). A 
east-west cross section (Fig. 26) and a contour map on the upper 
Niobrara surface (Fig. 25) show that the variation in thickness of the 
chalky member is the consequence of removal by erosion. Erosion of the 
chalky member, rather than overall thinning, can be further established 
by noting bed-by-bed correlation of the chalky member that remains. 
This demonstrable lateral continuity of beds within the upper, chalky 
member makes it possible to say that whatever accounts for differences 
in thickness in other units, such as differing rates of deposition or 
frequency of diastems, differences in thickness in the chalky member ca 
be alma.st entirely attributed to removal at the top by erosion. 
~ 
~ I : ! 
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Figure 21. Isopach map of the upper Carlile Shale interval, four-
county area, eastern North Dakota. Contour interval= 20 
feet. 
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Figure 22. Isopach map of the lower unit (unit I} of the 
calcareous shale member, Niobrara Formation, four-county 
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Figure 23. Isopach map of the upper unit (unit II) of the 
calcareous shale member, Niobrara Formation, four-county 
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Figure 24. Isopach map of the chalky member, Niobrara Formation, 
four-county area, eastern North Dakota. Contour interval= 
20 feet. Stippled pattern represents area where the chalky 
member is missing. Numbers 1-7 refer to the wells whose logs 
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Figure 25. Topographic map of the upper surface of the Niobrara 
Formation, four county area, eastern North Dakota. Contour 
interval= 20 feet. Datum is sea level. Numbers 1-7 refer 
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Figure 26. East-west cross section of the Niobrara Formation, 
four-county area, eastern North Dakota. Datum is the upper 
Carlile deflection. Location of wells and cross section are 
indicated on Figures 24 and 25. 
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Although the Pierre Shale is not dealt with in any detail in this 
study, as it overlies the Niobrara, a few of its characteristics are 
presented and its distribution discussed. The Niobrara Formation is 
overlain by two members of the Pierre Shale. To the east, in outcrop, 
core, and well log sections, the Niobrara is overlain by the Pembina 
Member of the Pierre. As described by Gill and Cobban (1965, p. A9), in 
outcrop the Pembina is dark gray to gray-brown, laminated shale with 
conspicuous, numerous, yellow-white bentonites. The bentonites seen in 
outcrop are the eastward extension of much thicker bentonites (Spivey, 
19ijO) in the Black Hills area at the base of the Sharon Springs Member 
of the Pierre Shale, equivalent to the Pembina. The thickest bentonite 
bed (about 3 feet; 1 m) has been called (Spivey, 19ijO, p.3) the Ardmore 
bentonite bed. The Ardmore bentonite bed has been recognized in the 
subsurface of North Dakota where it has been used as a datum for 
regional cross sections (Rice, 1977; Shurr and Sieverding, 1980). This 
bentonitic interval is characterized by very low resistivity in well 
logs. 
To the west, the Niobrara is overlain by the Gammon Member of the 
Pierre Shale. This member occurs between the Ardmore bentonite, at the 
base of the Pembina Member, and the top of the Niobrara Formation. It 
is not present in outcrop or core in northeastern North Dakota but has 
been reported locally in.outcrop in southern Manitoba (McNeil and 
Caldwell, 1981, p. 65). It is not clear whether the Gammon Member of 
the Pierre is a facies of the uppermost Niobrara in eastern North Dakota 
or whether it overlies the Niobrara, possibly disconformably. 
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Apart from determining the base of the Pembina Member on the basis 
of the occurrence at the base of a bentonitic interval (Ardmore 
bentonite), the thickness and distribution of the Pembina in eastern 
North Dakota was not determined during this study. The Gammon Member 
thickens westward (Plates 8 and 10). On the western side of North 
Dakota, the Gammon, there raised to formation rank, is more than 980 
feet (300 m) (Gautier, 1981). In eastern North Dakota, the Gammon is 
thicker locally as infilling of channels eroded into the Niobrara. 
It is apparent from trying to correlate units within the basal 
Pierre that a complex stratigraphy, probably the result of multiple 
stages of erosion and deposition, exists. This situation may be like 
that of the Niobrara-Pierre unconformity described (DeGraw, 1975) in 
western Nebraska. In most of the cross sections of the northern area, a 
thin, usually 10- to 30-foot (3 to 9 m) interval is observed between the 
top of the chalky member of the Niobrara and the typical shale of the 
Pierre. It is believed that, in many cases, this is an eastward 
extension of the Gammon Member. Elsewhere, the interval appears on well 
logs to be intermediate in log characteristics between the chalk of the 
Niobrara and the shale of the Pierre and may be a northeastward 
extension of the upper shaly chalk interval recognized in the 
southwestern area. If, as seems the case locally, there were a number 
of periods of erosion and deposition at the Niobrara-Pierre boundary, 
this interval may reflect some reworking of the underlying chalky 
Niobrara. In outcrop and core along the eastern edge of Niobrara 
occurrence, however, no such intermediate unit was observed. 
f 
r CHAPTER IV: BIOTAL ANALYSIS 
Introduction 
Three fossil groups have been studied: calcareous nannoplankton, 
macrofossils, and trace fossils. Each group provides information 
regarding environmental interpretations. The benthic macrofossils 
(mainly bivalves) and the trace fossils, for the most part, reflect 
bottom conditions. The calcareous nannoplankton reflect the upper 
water, epipelagic environment. 
Insofar ·as the formation, preservation, and environmental 
significance of each group is distinct, each is considered separately. 
For each group the identified taxa are listed, taphonomy of the fossils 
discussed, distribution of the taxa presented and, finally, an initial 
interpretation of the occurrences of taxa is presented. 
Calcareous Nannoplankton 
Taxa Identified 
Ahmuellerella octoradiatus Gorka 
Arkhangelskiella specillata Vekshina 
Bidiscus rotatorius Bukry 
Biscutum constans (Gorka) Black 
Biscutum hattneri Wise 
Broinsonia furtiva Bukry 




' t l. 
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Chiastozygus cuneatus (Lyul'eva) Cepek and Hay 
Chiastozygus plicatus Gartner 
Corollithion exiguum Stradner 
Corollithion rhombicum (Stradner and Adamiker) Bukry 
Corollithion signU111 Stradner 
Cretarhabdus conicus Bramlette and Martini 
Cretarhabdus crenulatus Bramlette and Martini 
Cribrosphaerella ehrenbergii (Arkhangelsky) Deflandre 
Cylindralithus asymmetricus Bukry 
Eiffellithus eximius (Stover) Perch-Nielsen 
Eiffellithus turriseiffeli (Deflandre) Reinhardt 
Gartnerago costatum (Gartner) Bukry 
Kamptnerius magnificus Deflandre 
Lithastrinus grilli Stradner 
Lithaphidites carniolensis Deflandre 
Loxolithus armilla (Black and Barnes) Noel 
Manivitella pemmatoidea (Manivit) Thlerstein 
Marthasterites furcatus (Deflandre) Deflandre 
Mlcrorhabdulus belglcus Hay and Towe 
Mlcula staurophora Vekshina 
Parhabdolithus angustus (Stradner) Stradner, Adamiker, and Maresch 
Prediscosphaera cretacea (Arkhangelsky) Gar.tner 
Prediscosphaera spinosa (Bramlette and Martini) Gartner 
Scapholithus fossllus Deflandre 
Seribiscutum primitiva (Thierstein) Filewlcz, Wind, and Wise 
Stephanolithion laffittei Noel 
Vagalapilla sp. 
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Watznauria barnesae (Black) Perch-Nielsen 
Watznauria barnesae variation A 
Zygodiscus compactus Bukry 
Zygodiscus diplogrammus (Deflandre) Gartner 
Zygodiscus theta (Black) Bukry 
Species A, new species 
Taphonomy 
The calcareous nannoplankton derived from the Niobrara Formation 
were originally the small platelets that surrounded flagellated, 
photosynthesizing acellular organisms of the division Chrysophyta 
(golden algae). The organism is referred to as a coccolithophore, and 
the individual platelets are called, in general, coccoliths, or more 
particularly placoliths, nannoliths, or rhabdoliths (See Glossary in 
Chapter VIII), according to the shape of the platelet. Fossil 
coccoliths and related forms are often referred to as nannofossils. 
The individual coccoliths are composed of numerous small calcite 
crystal elements usually arranged in circular or oval overlapping 
patterns with bars, extensions, and the like. There is considerable 
variation among the coccoliths of one species, but species can be 
identified on the basis of the general arrangement of these elements. 
In the Niobrara shales and chalks, calcareous nannoplankton were 
deposited and accumulated in various ways: as single coccoliths, as 
articulated spheres of coccoliths called coccospheres, and as fecal 
pellets or aggregates (the "white specks" previously discussed) of 
individual coccoliths and coccospheres. 
1 
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In most cases, the nannofossils were studied after considerable 
sample processing, which has resulted in an array of individual 
coccoliths isolated from one another, The relative abundance counts 
were made based on these strew slides observed under light microscopy. 
/ 
Strew samples were also observed under the scanning electron microscope 
in order to confirm the identification of species. 
Observation of coccoliths in situ, on a freshly broken rock 
surface, revealed a diverse mixture of nannofossil species. Where 
little clay occurred, there appeared to be a "matrix" of small, 
delicate, often fragmented, nannofossil specimens consisting of species 
seldom or not observed in strew slides. This suggests that an 
appreciable amount of the nannofossil flora was selectively lost during 
sample processing. Consequently, a number of species, which occur 
commonly in rock specimens observed by scanning electron microscopy but 
are rarely seen in light microscopy, have not been included in the list 
of species used to define assemblages based on relative abundances of 
species. These smaller species include: Corollithion exiguum, £, 
rhombicum, C. signum, Scapholithus fossilis, and Stephanolithion 
laffittei, I suggest that earlier studies also may not have recorded 
these and other small and delicate species as a result of sample 
preparation, and, to the degree that this is so, their relative 
abundance determinations should be judged accordingly. 
Only two species, Watznaueria barnesae and Bidiscus rotatorius were 
observed as coccospheres. Observation of nannofossils in situ has also 
revealed the occurrence of small clusters of same-species coccoliths. 






coccospheres whose coccoliths separated during or shortly after 
deposition. 
A major cause of alteration of the nannofossil assemblage is 
diagenesis of the coccoliths sometime after deposition. Although 
composed of calcite, coccoliths are particularly susceptible to chemical 
alteration because of their very small size (usually 5 to 15 microns in 
diameter with individual elements usually less than one micron long). 
Such alteration takes two forms: dissolution and recalcification. The 
type of alteration depends a good deal on the chemical environment 
within the sediment shortly after deposition. In deep oceans the 
calcite compensation depth {CCD) is a major factor. This is not 
relevant to the coccoliths in the Niobrara Formation since it is 
generally considered that deposition took place in relatively shallow 
waters, well above any possible CCD of the time. The amount of organic 
matter in the sediment is also a factor. There are additional factors, 
such as depth of burial and the effect of ground water. Ideally the 
coccolith specimens have not undergone either solution or 
recrystallization. This is true only where the sediment is neither too 
low nor too high in calcium carbonate content. 
Both diagenetic processes, dissolution and recalcification, are 
selective in regard to which species are affected as well as to the part 
or parts of an individual coccolith affected (Thierstein, 1976). 
Thierstein {1980) evaluated the degree to which different Cretaceous 
species of nannofossils are susceptible to dissolution. In his study, 
dissolution was related to dissolving due to exposure to undersaturated 
waters below the CCD. Species were listed from most susceptible to most 
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resistant to dissolution. Among the species encountered in this study 
that were considered most susceptible by Thierstein were: 
Prediscosphaera cretacea, Prediscosphaera spinosa, and Cribrosphaerella 
ehrenbergii as well as species of Biscutum and Zygodiscus. Among the 
species most resistant to dissolution were Watznaueria barnesae, 
Braarudosphaera bigelowii, Kamptnerius magnificus, and, especially, 
Micula staurophora, which was significantly more resistant than any 
other Cretaceous species studied by Thierstein. The consequence of 
selective dissolution would be the biasing of a nannofossil assemblage, 
in which counted relative abundances would not accurately reflect the 
initial relative abundances at the time of deposition. Thierstein 
(1980, p. 174) stated: "Micula staurophora, for instance, has been 
reported as a major constituent of tropical and subtropical Late 
Cretaceous assemblages ••• but its distribution may in fact be the 
result of latitudinal preservation patterns possibly related to 
fertility." In effect, the high organic content of the sediment would 
have enhanced dissolution of more susceptible species that would have 
resulted in the apparent greater relative abundance of Micula 
staurophora. 
Thierstein (1974, 1976) noted that dissolution and secondary 
calcite overgrowths could result in the morphologic alteration of 
individual nannofossils. He contended that a number of previously 
separate species may be, in fact, syn?nymous, the morphologic 
differences due solely to post-depositional alteration. Most of 
Thierstein's conclusions in this regard have been adopted in this study. 
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Distribution 
Six cores were studied for nannofossil occurrence: E-1, E-2, N-2, 
PR-1, PR-2, and S-5. 
Three categories of nannofossil species were recognized on the 
basis of their stratigraphic distribution in the Niobrara Formation: 1) 
species that occur throughout the entire formation with no apparent 
pattern of frequency variation; 2) species that are totally restricted 
stratigraphically and can be used locally to define biostratigraphic 
"zones;" and 3) species that occur throughout the formation but vary 
considerably in number. It is on the basis of the relative abundances 
of species of this latter category, fourteen species in all, that four 
distinct calcareous nannofossil assemblages are proposed. Table 3 
summarizes the relative abundances of these key species. The 
percentages of species in the samples counted are presented in Appendix 
D. 
Unit A contains two nannofossil assemblages. Assemblage I occurs 
near the base of the unit and is characterized by Watznauria barnesae 
and Micula staurophora, which occur commonly, and by the distinctive, 
common occurrence of Braarudosphaera bigelowi and Sp. A. Assemblage II 
occurs toward the top of unit A. It contains a more diverse flora with 
Broinsonia furtiva, Chiastozygus cuneatus, Eiffellithus eximius and 
Prediscosphaera cretacea common to abundant. 
Assemblage III, approximately coincident with unit B, is 
characterized by extremely abundant Micula staurophora (45 to 66 
percent), abundant Watznauria barnesae and the absence or near absence 
of a number of species elsewhere common to abundant, prominent among 
Table 3. Summary of the stratigraphic distribution of key species 
of calcareous nannoplankton in the Niobrara Formation, 
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them Prediscosphaera cretacea. It is possible that post-depositional 
dissolution is responsible for preferential removal of Prediscosphaera 
cretacea, a species especially susceptible to solution, as well as the 
loss of other species. This would result in increasing the relative 
abundance of Micula staurophora, the species most resistant to solution. 
Another distinctive species of this assemblage is Marthasterites 
furcatus, here very common to abundant. 
Assemblage IV is approximately coincident with the upper, chalky 
member. It includes, however, samples from up to five feet below the 
unit B-unit C contact. Although intervals with definite differences in 
the relative abundances of certain key species can be recognized, these 
variations are minor. The assemblage as a whole is characterized by' 
abundant Prediscosphaera cretacea and Watznauria barnesae, and common to 
very common Ahmuellerella octoradiatus, Broinsonia furtiva, and 
Eiffellithus eximius. 
Discussion 
Thierstein (1976) indicated distinctive paleogeographic patterns of 
distribution for some Upper Cretaceous nannofossil species. Certain 
species occur in greater numbers in tropical and subtropical (low 
latitude) localities and others in boreal and austral (high latitude) 
localities. Most of Thierstein's data came from DSDP cores and 
represent data from the more open oceans. Among the species identified 
in my study, the following, according to Thierstein (1976), are 
restricted to high paleolatitudes or become more abundant with 
increasing paleolatitude: Kampnerius magnificus, Seribiscutum 
primitiva, Gartnerago costatum, Micula staurophora, Ahmuellerella 
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octoradiatus and Braarudosphaera bigelowi. However, only Seribiscutum 
primitiva is restricted to the boreal and austral realms. On the basis 
of recorded nannofossil distribution during Late Campanian through 
Maastrichtian time (Thierstein, 1981), the following additional species 
were more common at high latitudes: Prediscosphaera cretacea, 
Eiffellithus eximius, and Biscutum constans (Thierstein, 1981}. 
Fewer species are indicative of the tropical realm. On the basis 
of paleodistributions during the Late Campanian-Maastrichtian 
(Thierstein, 1981), only Watznauria barnesae and Cribrosphaerella 
ehrenbergii seem to increase in percentage toward lower latitudes. The 
erratic distribution of Micula staurophora suggests the high latitude 
association previously indicated may be unwarranted. 
In addition to paleolatitude preference of particular species, 
distinction is made between continental margin and oceanic assemblages 
(Thierstein, 1976; Roth, 1978; Roth, 1981). The distinction is between 
assemblages of continental shelves and epicontinental seas versus 
assemblages of open, deep, oceanic areas. Among the fossils seen in 
this study only Braarudosphaera bigelowi has been reported to exhibit 
apparent preference for marginal conditions (Thierstein, 1976, p.334). 
Macrofossils 
Taxa Identified 









camptonectes bonneri (Miller) 
Pseudoperna congesta (Conrad) 
inoceramid spp. 
Cephalopoda 







fish bones and teeth 
fish scales 
Taphonomy 
The fossils identified were originally composed of calcium 
carbonate, in the form of calcite or aragonite, or of calcium phosphate. 
Bivalves may be composed of calcite (e.g. oysters and pectens), calcite 
and aragonite (e.g., pterioids and mytiloids), or completely of 
aragonite (most other bivalves). Gastropods and ammonite cephalopods 
are made up entirely of aragonite. Lingula and the hard parts of fish 
(scales, bones and teeth) consist of calcium phosphate. Among the three 
minerals, aragonite is the least stable and the most susceptible to 
solution during diagenesis. The paucity of fossils of original 
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aragonite composition observed in the Niobrara Formation suggests 
(Hattin, 1982) loss of the aragonite-shelled component of the fauna and, 
if this is so, creates a bias in the resultant faunal count. The 
occurrence of well preserved calcite and calcium phosphate fossils 
attests to the preservation of these mineralogies with little or no 
alteration. In a number of cases these phosphatic fossil materials are 
preserved as layers of concentrated "fish hash," perhaps as winnowed lag 
deposits. 
Compaction was a major post-depositional process affecting fossil 
preservation as evident from observed compressed fecal pellets and 
burrows. Where the traces of aragonite-shelled specimens are preserved, 
they apparently underwent considerable compaction after or during 
aragonite dissolution or chemical alteration. This is seen in the 
laterally compressed ammonite specimens studied. The more indurated 
chalk of unit C exhibits considerably less compaction than the shalier 
units stratigraphically above and below. This may be due to cementation 
by precipitation of secondary calcite shortly after deposition_. This is 
discussed further, subsequently, in regard to preservation of trace 
fossils and calcareous nannoplankton. 
In a few instances, fossils have been partially replaced by pyrite. 
Pyrite nodules, apparently not associated with fossils, are also 
commonly present. 
Distribution 
The distribution of the main macrofossil elements of the Niobrara 
Formation in northeastern North Dakota is summarized in Table 4. 
Table 4, Smnmary of the stratigraphic distribution of macfofossils 
in the Niobrara Formation, northeastern North Dakota. 
Stratigraphic Position 
calcareous shale chalky member 
member 
Unit A B C D E 
Pseudoeerna congesta 
small p C A p 
medium p A p p 
large A 
inoceramids C C 
Lingula sp. C C p p p 
ammonites p p 
teleosts 
(scales, bones> teeth) C C p p p 
---------------
A=abundant, C=common, P=present 
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Unit A, the laminated lower unit of the calcareous shale member, 
contains numerous layers of fish hash that reflect periods of active 
winnowing by bottom currents, extended periods of non-deposition of 
finer sediments due to bottom currents, or a combination of non-
deposition of fine sediments and winnowing. The small inarticulate 
brachiopod Lingula occurs most commonly in this unit and is often 
associated with fish-bone debris. 
Ammonites were also observed in both outcrop and core in unit A. 
In outcrop, a faunule of Clioscaphites cf.£. saxitonianus 
septentrionalus occurs approximately ten feet above the base of the unit 
at the Little Horth Pembina River locality. Other probable ammonite 
specimens are present in core preserved as white, chalky masses with few 
distinguishing characteristics. 
Unit B, the .bioturbated upper part of the calcareous shale member, 
contains some layers of fish-bone debris as well as occasional Lingula. 
In addition, pieces of large inoceramids, probably Platyceramus 
platinus, were noted. In outcrop, specimens of Platyceramus platinus 
bearing encrusting Pseudoperna congesta have been collected. Isolated 
small and medium specimens of Pseudoperna congesta are also present. 
The rare occurrence of other bivalves (Brachidontes sp., and 
camptonectes bonneri} has been observed in the upper few feet of the 
unit in core. 
Unit C contains numerous layers of concentrated large and medium 
specimens of Pseudoperna congesta associated with. inoceramid fragments. 
These layers apparently represent periods of extensive inoceramid 




settlement and growth of encrusting oysters. Scattered medium and large 
oysters are also present. 
Units D and E, the upper units of the chalky member, bear few 
macrofossils with the exception of small isolated Pseudoperna congesta. 
A few larger oysters occur as well as fish remains, rare Lingula, and 
Camptonectes bonneri. 
Discussion 
The pelagic elements of the macrofauna -- fish and ammonites -- are 
most abundant and best preserved in the calcareous shale member. 
Lingula is a conspicuous and distinctive element. The fact that it is 
well preserved and associated with abundant fish-bone debris suggests a 
possible phosphate-rich environment. Lingula is known to tolerate 
extreme bottom conditions, especially where low oxygen conditions 
prevail. Thus the presence of Lingula, where no other bottom-dwelling 
macrofossils and trace fossils occur, suggests marginally oxidizing 
bottom waters. 
Where beds are extensively bioturbated (units Band C), bottom 
oxygen conditions were favorable for some benthic organisms and this is 
reflected by abundant inoceramid and oyster occurrences as well as the 
presence of other bivalve specimens. Considering the bias of the fossil 
record due to the probable loss of aragonite, it is probable that a more 
diverse bottom fauna existed in these units than was observed. 
On the other hand, the low species diversity may not be an artifact 
of aragonite loss. The soft substrate may have acted to inhibit most 
other shelled infauna! and epifaunal elements. Only where the soft-
sediment-tolerant inoceramids established themselves could other 
! 
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epizoont species occur -- especially the encrusting oyster, Pseudoperna 
congesta. The consistency of the bottom substrate may have been the 
result of the type of sediment (i.e., a cal'careous nannoplankton ooze} 
as well as the effect on that sediment of active infauna! bioturbators. 
Trace Fossils 
Taxa Identified 
The following trace fossil taxa and types have been identified: 
Non-pyritized trace fossils 
"white specks" 
Chondrites sp. form A 
Chondrites sp. form B 
Chondrites sp. form C 
irregular, medium to large burrows 
Pyritized trace fossils 
Planolites montanus Richter 
? Trichichnus sp. 
pellet-filled burrows 
Taphonomy 
Almost all the trace fossils present are the product of benthic 
metazoan activities. The exception is the occurrence of "white specks" 
-- the abundant, small, white blebs of concentrated coccoliths which 
give the non-bioturbated portion of the Niobrara Formation its 
distinctive speckled appearance. llattin (1975b) concluded that these 
white specks were fecal pellets produced by phytoplankton-feeding 
zooplankton, most probably copepods. Honjo (1976) suggested that, in 
j 
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present deep oceans, copepod fecal pellet formation and the rapid 
descent of these pellets through the water column is a major 
sedimentation process. Abundant "white specks" are associated with non-
bioturbated, thinly bedded or laminated, sedimentary rocks in the 
Niobrara. Where the sediment was more bioturbated, "white specks" are 
less conspicuous, and they are completely absent in well-bioturbated 
rocks. 
The other trace fossils present are all burrows. They are divided 
into two categories: non-pyritized burrows and pyritized burrows. Non-
pyritized burrows are readily apparent where there is adequate contrast 
in sediment color that reflects differences in calcium carbonate 
content. Where extensive burrowing has taken place in sediment without 
contrasting color of beds, it is difficult to discern the shapes and 
sizes of burrows and the rock is referred to as either mottled or 
homogeneous. 
Multiple burrowing is common; in many places larger irregular 
burrows were burrowed, in turn, by smaller species of Chondrites. The 
pyritized burrows are also apparently later burrows, for they are seldom 
broken by further burrowing. 
Certain burrows are pyritized (Planolites sp.,? Trichichnus sp. 
and the composite, fecal pellet-filled burrows). This pyritization may 
be related to the particular reduced chemical environment associated 
with fecal matter. Pyrite, not demonstrably associated with trace 
fossils, is also present as small nodules or encasing fossil molluscs. 
In most instances, some compression was noted in regard to trace 
fossila. The "white speck" fecal pellets are markedly flattened. Only 
.... ::.-
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unit C, the most indurated and chalkiest interval, shows little 
compression. 
Distribution 
The distribution of the main trace fossil elements of the Niobrara 
Formation in northeastern North Dakota is summarized in Table 5. As 
indicated previously, the Niobrara Formation in northeastern North 
Dakota can be divided into non-bioturbated, intervals of evenly bedded 
and laminated rocks (units A, D and most of E) and extensively 
bioturbated intervals (units Band C). Contacts between non-bioturbated 
and bioturbated strata are gradational; the abundant "white specks," 
characteristic of undisturbed strata, gradually diminish in number in 
the transition to burrowed strata. This pattern of trace fossil 
distribution is summarized for three cores (N-2, E-1, and PR-2) in 
Figures 27-29. 
Unit A is laminated and non-bioturbated. "White specks" are 
numerous and conspicuous but gradually diminish in the transition to 
unit B which is homogeneous to vaguely mottled. Only Chondrites sp. 
form A is conspicuous among the non-pyritized trace fossils of unit B. 
Among pyritized trace fossils, flat Planolites sp. is common, with fecal 
pellet-filled burrows and pyrite-encapsulated, fecal-pellet aggregates 
present. 
At the top of unit B, within 6 to 9 inches (15 to 25 cm) of the 
contact between units Band C, occur the distinctive burrows of 
Chondrites sp. form B, which stand out as small, light gray (N7-N8), 
chalk-filled tubes in a much darker gray (N5) matrix of slightly 
calcareous shale. This suggests that the uppermost sediments of unit B 
·-'-..!!I...'' 
Table 5. SUDJmary of the stratigraphic distribution of 
trace fossils in the Niobrara Formation, 
northeastern North Dakota. 
Stratigraphic rosition 
calcareous shale chalky member 
member 
Unit A B C D 
"white specks" A A 
Chondrites sp. form A C p 
Chondrites sp. form B A* 
Chondrites sp. form C p 
Plano lites montanus A 
Planolites sp. (flat) A 
?Trichichnus sp. C 
pellet-filled burrows C C 
---------------------
A=abundant, C=common, P=present 













Figure 27. Schematic summary of color, trace fossils, and 
macrofossils in core N-2, northeastern North Dakota. WS, 
"white specks"; sd, sand horizons; Tr Fos, trace fossils; v, 
vague and mottled burrowing; n, non-pyritized burrows; py, 
pyritized burrows; 0/I, oysters and inoceramids; ~. Lingula 
F, fish remains. 
Lithologic symbols: narrow horizontal lines, laminated 
calcareous shale; cross hatch, bioturbated calcareous shale; 
brick pattern, bioturbated chalk; wide horizontal lines, 
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Figure 28. Schematic summary of color, trace fossils, and 
macr·ofossils in core E-1, northeastern North Dakota. WS, 
"white specks"; sd, sand horizons; Tr Fos, trace fossils; v, 
vague and mottled burrowing; n, non-pyritized burrows; py, 
pyritized burrows; 0/I, oysters and inoceramids; ~. Lingula. 
Lithologic symbols: See Figure 27. 
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Figure 29. Schematic summary of color, trace fossils, and 
macrofossils in core PR-2, northeastern North Dakota. WS, 
"white specks"; sd, sand horizons; Tr Fos, trace fossils; v, 
vague and mottled burrowing; n, non-pyritized burrows; py; 
pyritize<l burrows; 0/I, oysters and inoceramids. 
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were soft enough for burrowing at the time of deposition of the 
overlying chalky sediments. This further suggests that little time 
passed between shale and chalk deposition in that little compaction of 
the sediment of the shale had taken place prior to burrowing and chalk 
deposition. Some erosion may have taken place locally at this juncture, 
however, as indicated by subsurface data. 
Unit C contains a diverse· trace fossil fauna and exhibits multiple 
burrowing. It is likely that the earliest burrowing recorded was by 
those metazoans producing irregular, medium to large burrows followed by 
the pyritized burrows of Planolites sp., ?Trichichnus, sp. and the 
fecal pellet-filled, composite burrows, and Chondrites. 
Unit D, although consisting of lighter colored, more carbonate-rich 
rocks than unit A, is similar to it, in that it consists of conspicuous 
"white specks" and the absence of burrowing. The overlying unit E, 
however, represents an apparent transitional or marginal situation with 
the occurrence of a few burrows and less conspicuous "white specks." In 
addition to overall mottling, unit E contains both Chondrites sp. form A 
and Chondrites sp. form C. 
Discussion 
The trace fossil data presented here are derived almost entirely 
from cores. The advantage of core study is the opportunity to observe 
the numerous pyritized burrows. In outcrop, most of the pyrite would 
have been oxidized to iron oxides and the smaller burrows obliterated. 
The disadvantage of core study is the inability to recognize burrows of 
larger dimensions than can be seen in a one- or two-inch diameter core. 
Thus, it is not possible to compare the burrow types, and their observed 
,0 
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frequencies, in North Dakota with those described by Frey (1970) for the 
Fort Hays Limestone Member of the Niobrara Formation in Kansas, a study 
in which all observations were of occurrences as seen on the outcrop. 
The presence of diverse burrows along with the common occurrence of 
a shelled fauna indicates adequate oxygen content of the bottom waters. 
On the other hand, the absence of bioturbation indicates unfavorable 
bottom conditions, with little or no oxygen available. The occurrence 
of Chondrites spp. may serve as an indicator of marginal oxygen 
conditions within the sediments and in the overlying bottom waters 
(Bromley and Ekdale, 1984). 
On the basis of recent studies of deep-sea burrowing and 
considerations of in-sediment chemical environments, it may be possible 
to reconstruct the sequence of events in the development of the trace 
fossil assemblage in the Niobrara. Such an explanatory sequence should 
be capable of explaining the pyritization of certain trace fossils as 
well as the occurrence of Chondrites where other trace fossils are rare 
or absent. The consequent explanation provides insight into the nature 
of occurrence and preservation of macrofossils and nannofossils in the 
strata as well. 
Two studies have particular application to this explanation. 
Berger, Ekdale, and Bryant (1979) have considered burrow preservation in 
accumulating deep-sea sediments and have recognized three levels of 
burrow formation or expression. From the sediment-water interface down 
they are: the mixed layer of intensely burrowed sediment, the transition 
zone where the fewer, deepest burrows are well preserved, and the 
historical layer where burrows are "destroyed" through bleaching and 
deformation. 
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Berner (1981), in a study of the interstitial chemistry of 
accumulating sediments, also recognized a vertical sequence, in this 
case, of changing geochemical environments. This sequence depended on 
the activity of bacterial decomposition of organic matter under aerobic 
and anaerobic conditions. From the sediment-water interface down he 
recognized axle, post-oxic, sulfidic, and methanic environments. The 
two environments that concern this study are the axle environment, in 
which there is adequate oxygen in the sediment to permit aerobic organic 
decomposition, and the sulfidic environment, in which all oxygen has 
been used up and the availability of sulfate ions as electron receptors 
permits sulfate-reducing bacteria to function, with the consequent 
production of hydrogen sulfide. The latter environment is recorded in 
the sediment by the precipitation of pyrite where iron is available. 
Figure 30 is a chart which represents the combination of Berger, 
Ekdale, and Bryant's model with Berner's scheme, as well as 
incorporating known autecologic requirements of trace fossils and 
macrofossils of the Niobrara. The result is a sequence of environments 
-- surface, near surface, and burial -- through which the bioturbated 
sediments of both the calcareous shales of unit Band the chalks of unit 
C passed. 
The sediment-water interface was likely a very soft, even soupy, 
sediment that supported few epifaunal species. The inoceramid bivalves 
were apparently adapted to this environment and provided a hard 
substrate for the encrusting oyster, Pseudoperna congesta. Hattin 
(1982) noted that oysters encrusted both upper and lower sides of the 
flat inoceramid shells, also observed in this study, which suggested a 
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Figure 30. Sediment environments and the formation and 
preservation of macrofossils and trace fossils as related to 
progressive burial. Sources: 1= Berger, Ekdale, and Bryant 
(1979); 2= Demaison and Moore (1980); 3= Berner (1981); ij: 
Bromley and Ekdale (198ij). 
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very watery sediment, or some open spaces, beneath the shell. These 
shells would eventually be incorporated in the accumulating sediment. 
The uppermost sediment would have been part of what Berger, Ekdale 
and Bryant (1979) referred to as the mixed layer, in their case a 5 to 8 
cm-thick, intensively bioturbated sediment, none of whose burrows would 
have been preserved. In the Niobrara, this interval would have 
contained, as well, rare infauna! bivalves and other preservable 
macroinvertebrates. Any tracks or trails formed on the sediment at the 
sediment-water interface would have been destroyed as the sediment 
passed through this zone. Bioturbation would be evidence of an active 
infauna that thrived in organic-rich sediments under aerobic bottom 
conditions. The ongoing process of bioturbation itself helped circulate 
surface oxygen to lower levels. It also probably accelerated all sorts 
of chemical activity including dissolution of more susceptible calcium 
carbonate elements of the sediment, in particular aragonite shells (such 
as gastropods and some bivalves) and more solution-prone nannofossil 
species (Berger and Soutar, 1970). 
Berger, Ekdale, and Bryant (1979) mentioned an interval between the 
mixed layer and the transition zone. Here fewer, deeper burrows, 
perhaps of some of the same organisms responsible for the intense 
bioturbation of the mixed layer immediately above, were preserved and 
conspicuous, particularly if there were some difference in sediment 
texture or color. The medium to large irregular burrows seen in this 
study represent the upper part of this interval. Oxygen content was 




The lower part of this interval between the mixed layer and the 
transition zone, I suggest, is represented by the pyritized burrows 
(Planolites, ?Trichichnus, and the pellet-filled burrows). This was an 
interval of much lower oxygen content and occurred directly above the 
sulfidic environment of Berner (1981). 
My reasoning is as follows: The pyritized burrows were probably 
associated with fecal matter (Pemberton and Frey, 1982, p. 872). The 
high organic content of this material was not completely oxidized, as it 
would have been higher up in the sediment where interstitial oxygen was 
abundant. Instead, the remaining organic matter of the burrows induced 
the local reducing conditions of the sulfidic environment, the next 
interval downward, and the consequent formation of pyrite, or its 
precursor, a mineral stable only within the anaerobic sulfidic 
environment." 
It was in this sulfidic environment that the non-pyritized, last-
occurring, burrows of Chondrites were formed. Chondrites has been 
identified as an indicator of near anaerobic conditions (Bromley and 
Ekdale, 1984), either in the bottom waters or within the sediment. The 
preservation of Chondrites burrows, which are seldom disturbed either by 
other, later burrows or by compaction and sediment shear, suggests that 
these tubes were formed late in the burrowing sequence in relatively 
firm sediments. The burrows of Chondrites were passively filled by 
surface sediment. The absence of pyritization of these burrows may be 
related to the fact that the infillings were not fecal in origin and, as 
a result, did not develop the chemical conditions that would have led to 
iron sulfide precipitation. 
132 
Farther down in the sulfidic in-sediment environment all burrowing 
organisms were absent. Here, further pyritization of some burrows took 
place. Pyritization of organic-rich material may account for the 
numerous small pyrite nodules noted, especially in the calcareous shale 
member, as well as fragmoidal pyrite seen under the scanning electron 
microscope. 
CHAPTER V: AGE AND CORRELATION 
Introduction 
Dating the Niobrara Formation of eastern North Dakota was 
accomplished on the basis of available data from this and previous 
studies. Both fossil occurrences and physical stratigraphy contributed 
to an accurate age determination. This chapter deals with the 
biostratigraphic data and the existing biostratigraphic zonations 
available for comparisons. 
Kauffman (1977a) indicated the age of the Niobrara Formation in the 
U.S. Western Interior to extend from Early Coniacian to Early 
Campanian. The age determination of the Niobrara was based mainly on 
ammonites and inoceramid bivalves that tie the sections in North America 
to European sections. 
A number of separate biostratigraphic zonations have been 
constructed for the Upper Cretaceous of the Western Interior of North 
America. They have been based on the occurrence of ammonites (mainly 
scaphites and baculites), inoceramid bivalves, the combination of 
ammonites and inoceramids, foraminifers, and, only recently and 
incompletely, calcareous·nannoplankton. In some cases, these regional 
zonations of the Western Interior have been tied to zonations in 
adjacent areas, such as to zonations of the Gulf Coast based on planktic 




In addition to the standard European stages (Coniacian, Santonian, 
and Campanian), a number of additional stages have been proposed. Roth 
(1978) has proposed global oceanic stages for the Upper Cretaceous by 
extending the scheme of oceanic stages previously defined (Bukry, 1973) 
for the Tertiary to the Cretaceous. These stages are defined on 
sections from Deep Sea Drilling Project cores by calcareous 
nannoplankton occurrences. Roth has proposed ten stages for the Upper 
Cretaceous, including the Howlandian Stage which is the rough equivalent 
of the Coniacian and Santonian Stages, and the Bermudan Stage (defined 
by Bukry, 1973) which is equivalent to the Campanian and Maastrichtian 
Stages. 
In the Texas Gulf Coast, regional stages have been used including 
the Austin Stage, roughly correlative with the Santonian Stage, and the 
Taylor Stage; roughly correlative with the Campan!an Stage (Murray, 
1961). No regional stages have been proposed for the Cretaceous of the 
Western Interior. 
Biostratigraphic Zonations in the Western Interior 
Ammonites and Inoceram!ds 
Detailed studies (Reeside, 1927; Cobban, 1951) of the ammonites, in 
particular the scaphites, of the middle Upper Cretaceous have led to the 
development of an ammonite zonation of rocks of that general age in the 
Western Interior (Scott and Cobban, 1964; Jeletsky, 1968; Kauffman, 
1.977a). Mainly to supplement and complement these ammonite zonations, 
"range zones" of particular inoceramid bivalve species have been 
proposed (Scott and Cobban, 1964; Jeletsky, 1968) and the most up-to-
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date zonation scheme (Kauffman, 1977a, p. 83) for the Coniacian and 
Santonian stages includes (Fig. 31) both ammonite and inoceramid zones. 
In studies of the Niobrara where ammonites are rare or absent, 
correlation has depended almost entirely on inoceramid zonation, as in 
the study of the Smoky Hill Chalk Member in Kansas (Hattin, 1982) and 
the Carlile-Niobrara disconformity in Kansas and Nebraska (Hattin, 
1975a) and in Minnesota, South Dakota, and North Dakota (Merewether, 
1983). Inoceramids do not provide the same time resolution afforded by 
ammonites. The assignment of these ammonite-inoceramid biozones to the 
standard European stages has been made on the basis of the rare 
cosmopolitan species when they were found (Jeletsky, 1955, 1968; Scott 
and Cobban, 1964). 
Foraminifers 
Two separate zonations have been erected for the Niobrara Formation 
and adjacent units based on foraminifers. Caldwell et al. (1978) have 
proposed foraminiferal zones for the Cretaceous of the Canadian Interior 
Plains based on both planktic and benthic species, They placed the 
Niobrara in their Globigerinelloides sp. Biozone which has 19 species 
making up that biozone's principal components. They recognized two 
subzones, the lower, the Gavelinella henbesti Subzone with 10 principal 
components and the upper, the Heterohelix cf. H. reussi Subzone with 5 
principal components. The Globigerinelloides sp. Biozone was dated as 
"Early to Late Santonian in general but probably between extremes of 
Early Coniacian and Early Campanian locally" (Caldwell et al., 1978, p. 
535), 
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Figure 31. Two biostratigraphic zonations used in the Western 
Interior based on macrofossils for the time of Niobrara 
deposition. 
}_.~\:.•""' 
Stage Sub stage Ammonite-Inoceramid Biozones Inocera~id Fiozores 
(Kauffman, 1977a) (P.attin, 1975, 19e2J 
Haresiceras natronense 
Campanian Lower Haresiceras placentifor~e 
Haresiceras montanaense Inoceramus {Endocostea) 
Upper 
~esmoscaphites bassleri balti cu s .s , l. 
Desmoscaphites erd~anni 
.Santoni an Clioscaphites choteauensis 
Middle Clioscaphites vermiformis 
Clioscaphites saxitonianus I. (Cladoceramus} unduloplicatus 
Lower ~caphites depressu~ I. (Volviceramus} grandis 
Upper/Middle Scaphites ventricosus Inoceramus inconstans 
Coniacian Scaphites preventricosus- Inoceramus deformis Lower Inoceramus deformis 
Inoceramus erectus s.s. Jnoceramus erectus 
I 
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Frerichs and his co-workers have delineated the distribution of 
planktic foraminifers in the Niobrara in Kansas (Frerichs and Dring, 
1981), Wyoming (Frerichs, Atherton, and Shive, 1975; Frerichs, 1979) and 
Colorado, Wyoming, and Montana (Frerichs, 1980). On the basis of these 
studies, three zones were defined (Frerichs, Atherton, and Shive, 1975) 
for the Niobrara -- the Hastigerinoides subdigitata Biozone, the 
Globigerinelloides volutus Biozone, and the Rugotruncana 
subcircumnodifera Biozone. It is interesting and perplexing that, on 
the basis of fossils from these zones, they dated the Niobrara as Early 
to Late Campanian, a date considerably younger than any other date 
proposed elsewhere. Frerichs relied on the stage determinations of the 
presumed Niobrara correlatives, the Austin and Taylor Groups as 
determined from planktic foraminifer zonation by Pessagno (1967). 
Recently Marks and Stam (1983) demonstrated that the boundary between 
the Austin Chalk and the Taylor Clay, previously believed to mark the 
Santonian-Campanian boundary in Texas, is actually diachronous; the 
"Campanian" Taylor Clay was said to be as old as Late Santonian. This 
may, in part, account for-the apparent discrepancies of age 
determination of the Niobrara made by Frerichs and his associates. 
Bryant {1984) has revised foraminifer correlations between Gulf Coast 
units and those of the Western Interior and resolved the discrepancies, 
confirming a Coniacian through early Campanian age for the Niobrara 
based on foraminifer zonation. 
Calcareous Nannoplankton 
Numerous zonations for the Upper Cretaceous based on calcareous 
nannoplankton have been proposed from sections scattered world wide. 
139 
Some are based on continental sections, others on data from oceanic 
cores from the Deep Sea Drilling Project (DSDP). Four zonation schemes 
are presented in Figure 32. Most zones are defined and named for the 
first occurrence of a species and extend to the first occurrence of some 
younger species. Thus the named zone is usually a partial range zone of 
that named species. In some cases a particular named zone appearing in 
different zonation schemes does not correspond to the same time 
interval. For example, the Micula staurophora Biozone in Figure 32 is 
variously mid-Turonian (Roth, 1978), Turonian-Coniacian (Hay 1977), and 
Coniacian-Santonian (Sissingh, 1977). These differences are the result 
of data from different stratigraphic sections indicating that the first 
appearance of Micula staurophora in the different sections occurred at 
different times. Doeven et al. (1982) have applied more sophisticated 
mathematical-analyses to nannofossil stratigraphic occurrence, in this 
case from off-shore wells in the North Atlantic, resulting in species 
ranges in which one can place greater confidence than previously. 
Most work in calcareous nannoplankton has been carried out in the 
past fifteen years. Considerable discrepancies with regard to 
identification and distribution of species still exist. Recently, 
attention has been paid to factors affecting species identification such 
as dissolution and recrystallization of specimens (Thierstein, 1976), 
biogeographic distribution and shifting areal distribution through time 
(Thierstein, 1976, 1981), and environmental factors controlling local 
distribution of certain species (Rattner, Wind, and Wise, 1980). All of 
these factors must be considered when evaluating the ranges of 







Figure 32. Four biostratigraphic zonations, based on calcareous 
nannoplankton, proposed for Upper Turonian through Campanian 
rocks throughout the world. 
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Age of the Niobrara Formation in Northeastern North Dakota 
Since it is generally held that the Niobrara Formation was 
deposited during Coniacian, santonian and Early Campanian time, the 
question remains whether the Niobrara of northeastern North Dakota, as 
observed in core and surface sections, represents deposition over that 
same interval of time. And if not, what is the age of the Niobrara in 
northeastern North Dakota? 
The age of the Niobrara Formation at its base in southern Manitoba 
is considered to be Early santonian on the basis of specimens of 
Clioscaphites most closely related to~- saxitonianus septentrionalis 
Birkelund (McNeil and Caldwell, 1981, p.100). 
Merewether (1983, p.40) reported the inoceramid Volviceramus 
involutus (Sowerby) from the basal Niobrara along the Pembina River in 
northeastern·North Dakota that indicates, he suggested, a Late Coniacian 
age. I contend that the range of this species is not restricted to the 
Coniacian and is broad enough to include the Early Santonian as well. A 
few examples from the literature will indicate that this is the case. 
Scott and Cobban (1964) indicated that Volviceramus involutus is 
associated with two ammonite zones, the Scaphites ventricosus Biozone 
and the Scaphites depressus Biozone. Kauffman (1977a) placed the S. 
depressus Biozone in the Lower Santonian. Volviceramus involutus was 
considered synonymous with Volviceramus grandis by Kauffman (1977b) and 
the names were used interchangeably. Hattin (1982) indicated that the 
range of!• grandis is coincident with both the Scaphites ventricosus 
and the~. depressus zones in Kansas. Thus, Volviceramus involutus (= 
!· grandis) ranges from the Late Coniacian through the Early Santonian 
subages. 
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I found a faunule of small specimens of Clioscaphites cf. C. 
saxitonianus septentrionalus in beds approximately ten feet above the 
base of the Niobrara along the Little North Pembina River in 
northeastern North Dakota. This supports the occurrence of the 
Scaphites depressus Biozone at the base of the Niobrara and, consistent 
with the age of basal Niobrara in southern Manitoba, suggests an Early 
santonian age for the base of the Niobrara in northeastern North Dakota. 
There is no definitive evidence for a basal Niobrara age older than 
Early Santonian in northeastern North Dakota. 
Since there are apparently no key calcareous nannoplankton species 
that, by themselves, can be used to distinguish between beds of 
Coniacian and santonian age, nannofossils were not used for age 
determination of the lower boundary of the Niobrara. 
The age of the middle part of the Niobrara is santonian. McNeil 
and Caldwell (1981, p.100) found Baculites thomi (?), in the upper half 
of the lower calcareous shale member from the Pembina River valley. The 
occurrence of~. thomi would indicate a Late Santonian age (Cobban and 
Reeside, 1952, p. 1019). Merewether (1983, p.40) reported the 
inoceramid Platyceramus platinus, from the upper, non-calcareous, shale 
(unit B herein) of the calcareous shale member near the Pembina River. 
This also indicates a santonian age. 
The top of the Niobrara in the Pembina Mountain area in Manitoba 
was dated as late Early Campanian by Jeletsky (1971, p.57) on the basis 
of a specimen of Haresiceras natronense. No other macrofossil 
diagnostic of the age of the top of the formation has been found in the 
Pembina Mountain area. 
-~ 
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However, in regard to determining the Santonian-campanian boundary, 
nannofossils provide useful diagnostic information. A number of 
critical species occur up to the end of the Santonian and others first 
appear at the beginning of the campanian. 
· At the present time, existing studies of these key species have 
presented a variety of contradictory age ranges for each, The 
variabilities of ranges of six such species are indicated in Figure 33. 
Greater confidence has been placed in the ranges indicated by Doeven et 
al. (1982) because their study takes into account, and mathematically 
analyzes, variations in ranges observed in a number of cores and because 
the core sections they used came from locations on the Canadian Atlantic 
margin at latitudes comparable to the latitudes of the cores used in 
this study. 
Five of-these six species were found in the uppermost beds of the 
Niobrara Formation in northeastern North Dakota: Lithastrinus grilli, 
Kamptnerius magnificus, Broinsonia furtiva, Marthasterites furcatus and 
Arkhangelskiella specillata. 
In most previous publications (Hay, 1977; Verbeek, 1977; and 
Barrier, 1980) it has been indicated that Arkhangelskiella specillata 
first appears at the base of the campanian or slightly higher, 
essentially appearing coincidentally with the earliest appearance of 
Broinsonia parca. But according to Doeven et al, (1982) !· specillata 
first occurs before the appearance of~. parca during the Late 
Santonian. The presence of the easily recognizable Broinsonia parca 
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Figure 33. Reported stratigraphic ranges of six 
biostratigraphically important species of calcareous 
nannoplankton in rocks of Coniacian through Early campanian 
age. 
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Because!• specillata is present, but there is no indication of the 
presence of~- parca, in samples from the top of the Niobrara Formation, 
these beds are assigned to the Late santonian. Other key species found, 
in particular Lithastrinus grilli and Marthasterites furcatus, are 
consistent with a santonian age. Considering that the upper Niobrara 
surface .is erosional, it is possible that younger, Early Campanian, beds 
of the Niobrara may occur locally. on the basis of fossil evidence, I 
conclude that the Niobrara Formation in northeastern North Dakota was 
deposited during the santonian. There is no evidence of deposition of 
the Niobrara during the Coniacian or the Campanian • 
CHAPTER VI: MODELS OF DEPOSITION 
Introduction 
The purpose of this chapter is to review the possible factors 
controlling the pattern of Niobrara deposition in eastern North Dakota. 
Four "models" are presented. The term model is used here in the sense 
of a concept of broad-scale conditions or situations that control or 
generate a variety of environments, which, in turn, may be reflected in 
the resulting sediments, stratigraphy, and fossil biota. The models 
presented are the stratified-water model, the eustatic sea-level change 
model, the water-mass distribution model, and the coastal-upwelling 
model. Each· model is briefly reviewed with particular attention paid to 
the physical evidence of each likely· to be preserved in the geologic 
record. Mention is made of previous studies that have applied these 
models to Cretaceous rocks. The four models are not mutually eKclusive. 
In fact, in a number of instances, the conditions resulting from the 
operation of one model clearly determine the effect of a second model. 
Stratified Waters 
Recent studies (Degens and Staffers, 1976; Rhodes and Morse, 1971; 
Byers, 1977) have suggested that density-stratified water bodies were 
common in the geologic past. This was particularly true during times of 
warm climates when no cold waters descended to ocean bottoms 
transporting oxygenated waters to the bottom. In stratified water 
bodies, the less dense water remains at the top; the lower density of 
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this upper water layer is due either to lower salinity or to warmer 
temperatures. The junction between the upper layer and the underlying 
water column is referred to as either the halocline or the thermocline, 
respectively; this contact is referred to, in general, as the 
pycnocline. The contact may be transitional in some cases and may shift 
in depth, as well. 
The upper layer, in contact with the atmosphere and mixed by waves 
and wind-generated surface currents, is well oxygenated. The underlying 
water body, capped as it is by the mixed layer, is stagnant and, due to 
oxygen consumption by microorganisms, devoid of free oxygen. 
The key indication of aerobic or anaerobic bottom conditions is 
whether a metazoan fauna could exist in or on the bottom. Rhodes and 
Morse (1971) and Byers (1977) divided a stratified water body, where it 
impinged on the bottom, into three intervals on the basis of the amount 
of dissolved oxygen (in milliliters per liter) in the water and on the 
biotic response to these conditions (Fig. 34). The zones recognized 
are, from top down: 1) the aerobic zone with well-oxygenated waters 
(greater than 1.0 ml/1) capable of supporting a calcareous epifauna and 
a thriving metazoan infauna; 2) the dysaerobic zone (0.3-1.0 ml/1), the 
transitional layer or pycnocline, which supports a less diverse, soft-
bodied, metazoan infauna and no calcareous epifauna; and 3) the 
anaerobic zone with little or no dissolved oxygen (less than 0.1 ml/1) 
and the total absence of benthic organisms. 
Density-stratified waters develop under a number of conditions. 
These are reviewed by Demaison and Moore (1980) who recognized four 










Figure 34. Diagram of stratified waters, indicating the resultant 
bottom faunas and sedimentary structures. (Derived from 




3) anoxic layers caused by upwelling, and 4) open-ocean anoxic layers 
{oxygen-minimum layers). Determining which of the latter three 
settings, of which the first is a non-marine environment and thus 
excluded from consideration here, best explains anoxic environments 
interpreted for the Niobrara Formation will be discussed in the next 
chapter {where the models are applied to the Niobrara). 
On the basis of studies of modern anoxic environments of the Black 
Sea {a silled basin), the Gulf of California, and the Arabian Sea (both 
oxygen-minimum layers), an estimate of the depth of the pycnocline can 
be made. Although it varies considerably, an estimate of about 150 m 
was settled on by Byers and Larson (1979) and this seems consistent with 
other studies. Whether this depth is generally applicable to most 
situations in the geologic record remains problematic. 
Rhodes and Morse (1971) and Byers (1977) suggested a thick 
dysaerobic zone (pycnocline), 60 m and 100 m, respectively. There may 
be some seasonal variation of the thickness and depth of this zone as 
well. 
Berner (1981), in proposing a geochemical classification of 
sedimentary environments, noted that ancient anoxic bottom conditions 
can be recognized in sediments, not on a chemical or mineralogical 
basis, but on the degree to which the sediments have been bioturbated. 
Maynard (1982, p. 1324) recognized a continuum, corresponding to the 
oxygen content of the bottom waters, from well-laminatad, organic-rich 
sediments deposited in anoxic conditions to highly bioturbated, low-
organic sediments deposited under well-oxygenated waters. 
-- -------------------
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In addition to organisms and their traces, however indistinct they 
may be, another indication of aerobic versus anaerobic conditions is, as 
mentioned by Maynard, the amount of organic matter preserved in the 
sediment. Demaison and Moore (1980, p. 1204) stated that "the overall 
range of organic carbon content under anoxic water is significantly 
wider and higher (about 1J to over 20% organic carbon) than that in 
sediments deposited under oxygenated waters." They indicated that 
whatever the surface organic productivity, sediments forming under 
aerobic conditions never exceeded three to four percent total organic 
carbon. 
Although specific application of this model to the current study 
will be made in the next chapter, mention should be made of previously 
recognized anoxic environments in the Cretaceous. First, world-wide 
anoxic environments have been interpreted for some sediments in oceanic 
settings. Secondly, a number of intervals within the Cretaceous of the 
Western Interior have been interpreted to be the result of deposition 
within stratified water bodies. Schlanger and Jenkyns (1976), on the 
basis of widespread occurrences of organic-rich sediments in Deep Sea 
Drilling Project sites world-wide, have proposed major "oceanic anoxic 
events" (OAE) for two intervals during the Cretaceous: the Aptian-Albian 
and the Cenomanian-Turonian. They suggested (p. 179) that these 
"carbon-rich horizons are the result of the development of widespread 
and thick oxygen-minimum zones in the world ocean • • • " Jenkyns 
(1980) suggested an additional OAE during the Coniacian-Santonian. It 
is not appropriate here to discuss the complex explanations regarding 
the cause of these events. Reference, however, can be made to the 
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papers mentioned as well as studies by Scholle and Arthur (1980). 
Schlanger and Jenkyns (1976) suggest that these OAEs are linked to 
periods of mild climate and extensive transgressions. 
During the Cretaceous, the Western Interior basin was apparently 
the site of widespread stratified waters with concomitant, anoxic, 
bottom waters. Byers and Larson (1979) have recognized anaerobic and 
aerobic bottom-water conditions for the Lower Cretaceous Mowry Shale, 
and similarly both environments have been recognized for the Upper 
Cretaceous Greenhorn Formation (Frush and Eicher, 1975) and the Pierre 
Shale (Byers, 1976). Studies by Hattin (1981, 1982) and Frerichs and 
Dring (1981) suggest occurrence of both aerobic and anaerobic 
environments for the Niobrara Formation in Kansas. 
Eustatic Sea-Level Changes 
Vail, Mitchum, and Thompson (1977) presented a pattern of global 
changes of sea level for the entire Phanerozoic with greater detail for 
the Late Triassic to Recent. They recognized these sea level changes on 
the basis of coastal transgressions as seen in seismic sections along 
continental shelves. They divided cycles of relative sea level changes 
into first, second, and third order cycles that have durations of 200 to 
300 million years, 10 to 80 million years, and 1 to 10 million years. 
They purported to have been able to document these sea level cycles from 
one continent to another to demonstrate their global extent. 
Rapid rise in sea level is ascribed to increased spreading rates 
along the mid-oceanic ridges. No adequate explanation exists as yet for 
a rapid fall in sea level. A single, first order cycle of sea-level 
rise and fall is recognized from the Triassic to Recent, peaking near 
the end of the Campanian stage of the Cretaceous. 
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Sea-level changes have figured prominently in recent studies of the 
Cretaceous, both world wide and in regional studies in the Western 
Interior. Hancock and Kauffman (1979) have proposed five, peak, world-
wide transgressions occurring during the Late Albian, Early Turonian, 
Early Coniacian, Middle Santonian, and Late Campanian. They suggested 
that sea level rose at rates of about 10 to 90 meters per million years 
and fell even more rapidly at 95 to 170 meters per million years. Part 
of the data used in their study was the documented transgressions and 
regressions in the Western Interior. Kauffman {1977a), using numerous 
earlier studies, delineated ten transgressions and regressions for the 
Western Interior Cretaceous. The transgression that concerns this 
study, his "T7", extends from earliest Coniaclan to latest Santonian and 
has been divided into four transgressive peaks separated by minor 
regressions. 
Geologic evidence for sea-level change can be considered at three 
different situations: first, evidence for depth change where the area 
of deposition remains well below sea level, secondly, evidence where the 
area is in very shallow water or is marginally exposed, and thirdly, 
evidence where an area is considerably above sea level. 
Change in water depth results in changing physical and chemical 
conditions within or at the base of the water column. Deeper water is 
usually farther from the source of incoming elastic sediments as well as 
less disturbed by wind-generated waves. The result may be the classic 
pattern of finer-grained sediments farther from shore and coarser 
sediments nearer shore. If a density-stratified water body exists, the 
bottom depth will determine whether it underlies aerobic, dysaerobic, or 
anaerobic water conditions. 
conditions. 
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As sea level changes so will these 
Benthic organisms may reflect depth either as a response to the 
changing bottom substrate or to other factors such as light, energy, or 
other conditions. Planktic biota may also reflect depth, or more 
properly, distance from shore as a response to water salinity, 
turbidity, and nutrient content. Roth (1978, p.731) referred to the 
nearshore or "neritic effect" that controls the distribution of 
calcareous plankton. 
In the intermediate situation, where very shallow or marginally 
exposed conditions occur, distinctive sediments and organisms may occur 
as well as chemical alteration associated with these shallow conditions. 
There are characteristic shallow water trace fossils and macrofossils 
that may be associated with distinctive shallow water sediments and 
sedimentary structures, and, in carbonate sediments, hardgrounds may 
develop during brief periods of exposure. These hardgrounds may bear 
associated marine borings. 
Krumbein (1942) reviewed the criteria for recognition of 
unconformities in the subsurface. These may be relevant to either the 
second or third situations. He recognized sedimentary criteria 
(including lag gravels, phosphatic pellets or nodules, and buried soil 
profiles), paleontologic criteria (including gaps in evolutionary 
development, bored littoral marine organisms, and bone and tooth 
conglomerates), and structural criteria. 
The. third situation in regard to recognition of sea-level change is 
major subaerial exposure. Where sea level has fallen 100s of feet the 
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depositional surface may serve as an area for considerable erosion and 
the development of a paleotopography with significant relief. Not 
easily recognizable in local sections, paleotopography and resultant 
paleodrainage patterns can be recognized (Andresen, 1962} when a broader 
area is examined. 
Water Mass Distributions 
The present oceans can be divided into distinct water masses, each 
characterized by its temperature, salinity, and nutrient content. 
Although oceanic surface circulation transports waters from area to 
area, the characteristics of geographically distinct water masses remain 
fundamentally constant. This constancy provides a stable environment 
for certain species. The result is that particular water masses have 
distinctive biotas. A water mass with its characteristic assemblage of 
organisms may be referred to as an ecosystem (McGowan, 1971). 
Transitional zones between these ecosystems are referred to as ecotones. 
Ecosystems are arranged, in each ocean, according to latitude, forming 
east-west bands referred to as zones; each zone is characterized by its 
particular biotal content. Such zonations have been constructed in 
present seas for planktic foraminifers (Cifelli and Benier, 1976; 
Belyaeva, 1964} and coccolithophorids (Okada and Honjo, 1973). 
Thus, water masses are recognized by the organisms they support. 
And although benthic organisms also reflect the water mass they live in, 
planktic species, which are constantly associated with the upper water 







addition, if the water mass in question lies above an anaerobic water 
mass there would be no benthic organisms to serve as indicators of the 
prevailing water mass. Thus the planktic biota is the key to 
recognition of distinct water masses. 
In studies of recent planktic foraminifers good correspondence has 
been found (Be and Hutson, 1977) between assemblages living in the upper 
water and the resultant surface-sediment assemblages at the bottom. In 
Tertiary and Cretaceous oceanic deposits the same latitudinal zonation 
has been recognized. A similar correspondence between the calcareous 
nannoplankton of surface waters and their remains in bottom sediments 
has been established (Honjo, 1977; Geitzenauer, Roche and McIntyre, 
1977), Studies of nannofossil distribution in the Cretaceous show a 
latitudinally controlled distribution of species (Roth, 1981; 
Thierstein, t981); although no overall set of zonations, beyond a 
tropical or subtropical (low latitude) versus boreal or austral (high 
latitude) breakdown, has yet been proposed. 
Geologic evidence regarding ancient water masses has come from two 
very different sources. The most direct evidence has come from the 
fossil evidence on the basis of distinctive species or species 
assemblages that serve as indicators of water bodies. An indirect 
approach has come from the reconstruction of ocean and continent 
configurations and the resultant conditions deduced from these 
relationships. 
Fossil evidence comes from defining a set of benthio and planktic 
biotas; these biotas are often characterized by their interpreted 
association with warm to cold waters. In the Cretaceous Kauffman (1973) 
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has defined a series of biogeographic provinces and subprovinces based 
on Cretaceous bivalves. Douglas (1972) has shown, for the Cretaceous 
planktic foraminifers of the Pacific coast of North America and the 
Western Interior, a gradient of warm to cool water species and a change 
in the diversity of species. 
In addition to characterizing distinct water masses, it has been 
possible, in some cases, to show how these water masses have shifted 
through time. Kauffman (1983) demonstrated major, warm-water incursions 
northward in the Western Interior basin during Turonian and Coniacian-
Santonian times on the basis of warm-water macroinvertebrate faunas. 
These incursions corresponded to maximum sea-level stands and 
concomitant transgressions. 
With the recognition of sea-floor spreading and the shifting of the 
continents through time, paleogeographic maps of continental positions 
at various times throughout the Phanerozoic have been constructed. On 
the basis of the position of continents, their paleolatitudes, the 
degree of continental inundation, and the arrangement of mountain belts, 
analyses have been undertaken to deduce the climatic conditions, ancient 
wind directions, and ocean currents of the past. For the Cretaceous 
this has been undertaken by Gordon (1973) and Lloyd (1982). Fossil and 
sedimentary rock data have been applied to these reconstructions in 
order to test and further refine them. Computer simulations based on 
these factors have also been run (Barron and Washington, 1982, 1984). 
On a more local level are the paleogeographic reconstructions of 
the Western Interior seaway for different units of time during the Late 
Cretaceous. These are based on stratigraphic data and, although they do 
160 
not involve water body distinctions, provide certain limitations 
regarding speculation about seaway connections and warm- versus cold-
water influences within the basin. 
An additional possible indicator of water-mass temperature may be 
the percent of calcium carbonate derived from the plankton that is in 
the sediment. Changes in carbonate content through time may reflect 
changes in water-mass influence as opposed to greater dilution by 
incoming elastic sediments. Lisitzin (1971, p. 200) indicated that in 
present oceans the greatest carbonate content in surface waters falls 
within a band from 50 degrees N to 50 degrees S, with a maximum in the 
equatorial and tropical zones. 
Coastal Upwelling 
Recently a great deal of attention has been paid to the process of 
coastal upwelling and the geologic evidence that would reflect this 
environment in the geologic record (e.g., Thiede and Suess, 1983; Suess 
and Thiede, 1982). Upwelling is the process of movement of deeper, 
usually colder and nutrient-rich waters to the surface. Upwelling may 
occur in a number of situations in the ocean. Coastal upwelling occurs 
near the shore, where the vertical water movement is in response to 
offshore-moving, upper-water currents generated by longshore winds. 
Characteristically, coastal upwelling zones are located along the 
eastern side of ocean bodies, between latitudes 10 degrees and 40 
degrees N and S (Demaison and Moore, 1980, p. 1195). The upwelling 
water is often derived from a lower, anoxic, water body that may have 
been initiated as an oxygen-minimum layer (Demaison and Moore, 1980, p. 
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1197). The anoxic water, rich in nutrients and organic matter, 
contributes to a very high biologic productivity in the surface (mixed) 
water layer. 
Attempts at locating ancient sites of upwelling have been made on 
the basis of the ancient positions of the continents and expected 
paleowind and paleocurrent directions. Parrish {1982) and Parrish and 
Curtis (1982) have applied principles of atmospheric circulation to 
portrayal of circulation patterns on paleogeographlc maps and have 
predicted the distribution of zones of upwelling that fit well with 
occurrences of geologic indicators of upwelling. Geologic evidence of 
upwelling regimes is mainly sedimentologic. Thiede and Suess (1983) 
reviewed these sedimentologic signals, outstanding of which are the 
occurrences of phosphorites, high organic matter in sediments, and the 
abundance of biogenic siliceous components, mainly diatoms. Parrish and 
Curtis (1982) recognized a relationship between the presence of high 
total organic carbon and theoretical locations of coastal-upwelling 
regimes. Suess and Thiede {1982) have pointed out that there are also 
indications that strong bottom currents may be associated with coastal 
upwelling, with resultant lag deposits and small scale diastems. 
The possibility of an upwelling area on the east side of the 
Western Interior basin has been suggested, but it is not known whether 





The four models presented are not mutually exclusive. Eustatic, 
sea-level changes would appear to have a major control over the 
occurrence and expression of the other three models. Schlanger and 
Jenkyns ( 1976) and Jenkyns ( 1980) related the occurrence of oc.eanic 
anoxic events to trangressive pulses, Kauffman (1983, p. ·53) indicated 
that the faunal subprovinces he recognized within the Western Interior, 
which in turn reflect the prevailing water masses, shifted rapidly "just 
prior to, during and just after peak sea level rise." Parrish and 
Curtis (1982, p,32) have suggested that variations in the occurrence of 
sediments indicative of coastal upwelling are affected by changes in 
relative sea level "since upwelling circulation is partly controlled by 
bathymetry. 11 Similar interactions occur between other combinations of 
models. 
CHAPTER VII: INTERPRETATIONS 
Introduction 
In this chapter an attempt will be made to apply the preceding 
models to the Niobrara Formation. Each of the four models plays a part 
in the explanations here proposed. However, insofar as there is still 
much to be understood about how these models operate and how they 
interact with one another, even in today's oceans, the conclusions drawn 
must remain speculative. Nevertheless, it will be apparent that, as 
additional sedimentologic, paleontologic, and geochemical data are 
gathered, these interpretations will be tested and either replaced or 
refined. 
The environments of deposition are determined mainly from 
sedimentary and fossil data from core and outcrop. On the other hand, 
the stratigraphic relationships are based mainly on subsurface (well-
log) data and the isopach maps and cross sections derived from them. 
There is, however, a good deal of crossover from environmental analysis 
to stratigraphic analysis and vice versa. Each analysis provides 
certain limitations on the final interpretation. The depositional 
history, or sequence of events, combines the environmental and 
stratigraphic analyses together with biostratigraphic data and available 
regional studies carried out elsewhere. 
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The models of deposition and resulting expressions in the geologic 
record are summarized in Figure 35. This is shown in three steps: the 
primary effect ("Resulting Conditions") of each model, the consequent 
biological, chemical and physical effects {"Effect"), and the geologic 
evidence, as preserved in the rock record, of those effects. In the 
fifth column I indicate where such geologic evidence has been observed 
in the Niobrara Formation in this study. 
Environments of Deposition 
Introduction 
The sedimentary deposits of the Niobrara Formation record two 
environments simultaneously -- the environment of the bottom waters and 
associated substrate, and the environment of the upper-water column. 
The bottom environment is indicated by most of the macrofossils, the 
trace fossils, and the benthic foraminifers, as well as by sedimentary 
structures. The upper-water environment is indicated by the nektic and 
planktic fossil biota, particularly the planktic foraminifers and the 
calcareous nannoplankton. Thus, for each stratigraphic unit, we can 
make interpretations of the two environments; the evidence of both is 
preserved. These environments are not totally separate and independent 
of one another since both benthic and planktic fossil data may reflect 
depth (or distance from shore} as well as characteristics of the water 
mass, such as temperature, salinity, and chemistry. 
Calcareous Shale Member 
Unit A, the lower part of the calcareous shale member, with its 





Figure 35.Depositional models, resulting environments, diagnostic 
geologic evidence, and the expression of each model in the 
Niobrara Formation of eastern North Dakota. 
CAUSE RESULTING CONDITIONS EFFECT GEOLOGIC EVIDENCE OBSERVED IN THIS STUDY 
Low sea 
-------
exposure------- subaerial erosion ____ major erosion, -------Carlile-Niobrara contact 
paleotopography Niobrara-Pierre contact 
level 
----shallow 
waters- -submari ne e~o:3ion or--major diastem--------__ calcareous shale-
------
non-deposition chalky member contact 












bioturbated beds-------- units Band C 
l aminated beds units A, D, and E . 
calcareous shale member 1 C Co d t . --lower Caco3 content J __- ower a pro uc ion -----
northern-dominated..,...,.,-- 1 t 3 . ---- cool water assemblage wate s ( ol ) - coo wa er species 
r co er warm water assemblage} 
~ -----chalky member 
southern-dominated--warm water species · h igher CaCO c ontent 




aerobic bottom -----diverse benthic fauna~- bioturbated beds---- ---units Band C 
dysaerobic bottom----burrowing organisms-__ no shelly fauna, unit E, transition from 
bioturbated beds--- ---~ units A to Band C to D 








high productivity _ ___ high total organic carbon , . 
high phosphates unit A 
numerous'di astems, ______ _ 
bottom erosion, ~ ----- lag deposits 
winnowing 
laminated beds, 
shal low pycnocline --~ no benthos ~----- -- unit A 
(anaerobic bottom at 
calcareou s shale member 
shallow dep th ) 
167 
deposited under predominantly anaerobic bottom water conditions. Its 
numerous intervals and layers of fish-bone debris, which form thin lag 
deposits, suggest moderately active bottom currents. These currents are 
in part responsible for the laminated sediments in unit A. This is 
consistent with the small-scale diastems seen in comparisons of logs of 
closely-spaced wells of the lower member. 
The calcareous nannoplankton assemblages indicate restricted waters 
with possible extremes in salinity and temperature, giving way later to 
moderately open water conditions. The foraminifers reported by McNeil 
! and Caldwell ( 1981), with a few planktic species and common arenaceous 
forms, also support interpretation of a restricted environment. The 
only bottom-dwelling macrofossil present is Lingula. 
The abundance of phosphatic material and lag deposits, the probable 
result of active bottom currents, as well as the high, total, organic-
carbon content of the sediments (L. J. Kovac, written communication, 
1983) suggest the possibility of the influence of an upwelling 
.environment. These upwelling waters may have raised the pycnocline to a 
·shallower depth, in effect establishing anaerobic bottom conditions in 
an area still very shallow. 
The upward transition into unit B reflects a gradual change from 
!anaerobic to aerobic bottom conditions with an accompanying active 
metazoan infauna. The change may have come about by a lowering of sea 
\level with concomitant lowering of the pycnocline or, more likely, by 
the cessation of those climatic conditions that produced major upwelling 
!Uld the consequent shallow position of the pycnocline. Unit B, the 
upper part of the calcareous shale member, exhibits bioturbation that is 
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evidence of bottom waters with oxygen content adequate to support an 
active metazoan infauna as well as a molluscan epifauna. The low 
calcium carbonate content of unit B probably reflects both the 
relatively low calcium carbonate contribution from the overlying cooler 
waters and the further loss of calcium carbonate as a result of active 
bioturbation, The post-depositional loss of calcium carbonate is 
indicated by differential loss of solution-susceptible species of 
calcareous nannoplankton. 
Chalky Member 
Unit C, like unit B of the calcareous shale member, is also highly 
bioturbated, suggesting that the area remained well above the pycnocline 
and that the unit represents deposition in relatively shallow water. 
Unit c, with its high calcium carbonate content in sharp contrast with 
the directly underlying, slightly calcareous shales, is evidence of a 
greater influence of warmer, more tropical, waters than during earlier 
deposition. Its diverse nannoplankton flora {Assemblage IV) and abrupt 
increase (McNeil and Caldwell, 1981) in planktic foraminifer species, 
including the keeled species Rugoglobigerina rugosa, a warm water 
indicator, also suggest a change in temperature of the upper water mass. 
The induration of the unit suggests considerable post-depositional 
secondary calcite crystallization; this may reflect the high calcium 
carbonate content of the sediment, the possiblity of a lost aragonite-
shelled fauna supplying the carbonate cement needed, and the added 
effect of active sediment mixing by an active infauna. 
Unit C is gradational into unit D, a laminated, non-bioturbated 
sequence, and probably reflects a gradual rise of sea level and 
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pycnocline with the concomitant return of the depositional area to 
anaerobic bottom water conditions. The nannofossil flora is 
approximately the same in unit Das in unit C, indicating little change 
in upper water conditions. Unit D, deposited as a monotonous sequence 
of evenly-bedded, "white speck"-rich beds with lateral continuity of 
beds as seen in the subsurface, attests to quiet, deeper waters with few 
active bottom currents. 
Unit E marked a gradual return to marginally aerobic, more properly 
called dysaerobic, bottom conditions as indicated by the presence of 
Chondrites sp. form A and£· sp. form C. The nannoflora remains much 
the same as in units C and D. 
Stratigraphic Relationships 
Basal Unconformity 
The non-calcareous, dark gray shales of the Carlile Shale are 
overlain by the slightly to moderately calcareous, white-speckled shales 
of the Niobrara Formation in eastern North Dakota. As has been 
indicated, this contact has been interpreted as conformable, even 
intertonguing, by some workers, and as a significant unconformity by 
others. Commonly occurring thin stringers and laminae of fine-grained 
sandstone characterize the lowermost beds of the Niobrara in outcrop. 
Apart from this, there is no well-developed basal sandstone nor a 
contact between the formations marked by a paleosoil horizon, an 
indurated layer, basal conglomerate, or other clear indication of an 
unconformity. 
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Although difficult to establish in outcrop or core, the comparison 
of well logs over the larger area of eastern North Dakota, however, 
clearly demonstrates an unconformable contact with considerable pre-
Niobrara erosion having taken place on the Csrlile surface. In western 
Benson County local relief of up to 140 feet (42 m) is observed on the 
upper surface of the Carlile. A distinct channel is present on the 
Carlile surface as seen on the isopach map of the upper Carlile Shale 
interval in the central area of eastern North Dakota. This broad, 
definitely eroded, channel can be traced for a distance of 125 miles 
from northern Stutsman County northwestward to northern Pierce County, 
although it is somewhat broader and less defined to the southeast. 
Another, broader, linear erosional depression is present in the 
northeastern part of the study area, only the southern side of which is 
preserved. The core and outcrop sections occur within this northeastern 
linear depression. 
A major unconformity has been recognized at the Carlile-Niobrara 
contact elsewhere in the Western Interior, in Kansas and Nebraska 
(Hattin, 1975), Colorado and New Mexico (LaFerrier, 1983), and in 
Manitoba (Caldwell, 1982). Consistent with studies of eustatic sea 
level changes, this unconformity corresponds with a period of major 
lowering of sea level at the Turonian-Coniacian boundary (Hancock and 
Kauffman, 1979, figs. 4 and 5} during which time sea level was lowered 
approximately 175 meters (575 feet} from its high stand. As sea level 
lowered, deposition of the regressive Carlile Shale took place. With 
continued sea-level lowering, deposition was followed by exposure and 




previous paleogeographic map reconstructions of this time interval 
(Turonian through Coniacian) considered here, only that of Raeside 
(1957) recognized a large area of exposure and erosion for the eastern 
side of the Western Interior basin. 
Onlapping (in~ Southern Area) 
I have already pointed out that the Niobrara stratigraphy of the 
southern area of eastern North Dakota is clearly different in style from 
that in the rest of the study area. A number of additional 
stratigraphic units are recognized there below the chalky member and 
given informal designations: lower shaly chalk, shale, and middle shaly 
chalk. It is not clear whether the calcareous shale member of the 
northern area is equivalent to the shale, the middle shaly chalk or 
both. It is clear, however, that the lower shaly chalk does not extend 
north and northeast of the southern area of eastern North Dakota. 
Instead it onlaps the Carlile Shale along a "shoreline" that trends 
northwest-southeast (Figure 7), 
The thick lower Niobrara sequence, unlike areas of thicker Niobrara 
to the north, is apparently not related to areas of greater pre-Niobrara 
erosion on the Carlile surface. Cross sections in the southern area, 
using the top of the Greenhorn Formation as a datum, show a series of 
rising units in the Niobrara, which suggest subsidence or downwarp of 
the area preceding and during Niobrara deposition. 
Intraformational Diastems 
The detailed comparisons of logs of closely spaced wells have 
yielded insight into medium-scaled patterns of deposition (that is, 
' 
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dealing with strata on the order of feet and tens of feet) that could 
not have been recognized in core or outcrop sections nor in a cursory 
comparison of well logs. Numerous diastems, representing varying 
amounts of section missing, have been delimited within the Niobrara 
Formation. Generally, the calcareous shale and shale units show poor 
correspondence of deflections even between wells close to one another. 
On the other hand, the chalkier units exhibit good to excellent 
correspondence of deflections, suggesting exceptional lateral 
continuity. 
In the northern area, the calcareous shale member exhibits one or 
more diastems within the member; these may total up to 40 feet of 
missing section between closely spaced well sections. This missing 
section suggests the presence of active bottom currents that were 
responsible for submarine erosion or prevention of deposition. The 
presence of fish-bone lag deposits, observed in the calcareous shale 
member in core and surface sections, may also be a reflection of active 
bottom currents. The presence of active, bottom currents, a distinctive 
characteristic of deposition of the calcareous shale member, suggests 
the possibility of an upwelling environment with onshore, bottom 
currents generated by wind-forced, offshore currents. 
The exceptional lateral continuity of the upper, chalky member (and 
the upper chalk of the southern area) attests to deposition dominated by 
high upper-water calcium-carbonate production. Changes in log response 
(S.P. and resistivity) probably reflect slight changes in carbonate 
content and consequent degree of induration. The absence, for the most 
part, of diastems in these upper units suggests deeper and quieter 





An intraformational diastem of note is at the contact between the 
calcareous shale member and the chalky member. The missing section 
varies from 4 feet (1.2 m) to 73 feet (22 m}. This latter large-scale 
diastem occurs within the channel zone and is associated with very 
active, channelled, bottom currents. The abrupt lithologic break 
between the two members, easily seen in most well logs, supports the 
idea of the occurrence of some widespread, short-term, threshold event. 
It is not suprising that such an event might be accompanied by active 
bottom currents. What this event may have been -- perhaps a small 
climatic shift or an overcoming of a physical or chemical barrier -- is 
yet to be determined. 
Facies Relationships 
There is an overall lateral continuity of stratigraphic units 
within the Niobrara of eastern North Dakota. Scholle (1977, p. 986}, in 
discussing the deposition of chalks generally, indicated that chalks, 
"unlike shallow water carbonate rocks, show only gradual lateral facies 
variations. Deeper water settings have broader areas of relatively 
uniform conditions and less abrupt transitions from one environment to 
the next. This translates into widespread, uniform facies with gradual 
transitions into adjacent lithologies." It is clear that on a broad 
scale, from east to west the Niobrara chalks grade into siltstones and 
shales along the west side of the western Interior basin. However, 
along the depositional strike of the basin, mainly NNE-SSW, the main 
units show excellent lateral continuity. 
There is an exception to the lateral continuity of the chalky 











trending channel (central linear area) eroded into the upper Carlile 
Shale surface. In cross sections across the channel, the well-log 
signature of the chalky member loses its distinct chalky character and 
appears less calcareous, or more argillaceous within the channel area. 
Apparently, there is some control of deposition associated with the 
deeper channel area. The nature of that control is not obvious. 
Perhaps the shallower carbonate platforms on either side of the channel 
were protected from elastics entering the area from either a distant 
western source or a low-lying eastern source. 
Another possible lateral facies relationship is seen in cross 
sections in the southern area along the eastern side of Niobrara 
occurrence where a small lens of chalk apparently grades laterally into 
shales. 
A facies explanation for the westward change from Niobrara to the 
Gammon Member of the Pierre Shale has been suggested (Rice and Shurr, 
1983; Shurr, 1984; discussed by McNeil and Caldwell, 1981). The 
alternative to a facies relationship is an erosional contact between the 
two stratigraphic units. 
Upper Unconformity 
It is apparent in the outcrop and core sections of northeastern 
North Dakota that the Pembina Member of the Pierre Shale rests directly 
on the Niobrara Formation with no intermediate Gammon Member present. 
Farther west, in the subsurface, the Gammon is present. The numerous 
bentonite beds of the basal Pembina Member are best correlated with the 
Ardmore bentonite bed (and associated bentonites) at the base of the 
Pembina-equivalent Sharon Springs Member to the west. Thus it is 




apparent that an unconformity is present in northeastern North Dakota at 
the Niobrara-Pierre contact. How does this contact differ elsewhere in 
eastern North Dakota? 
In the southern area, as well as elsewhere along the western side 
of the area studied, there is a transition from chalk to shale at the 
top of the Niobrara. Here, an upper shaly chalk, which occurs above the 
chalky member and is distinct from it, marks the top of the Niobrara. 
There seems to be a gradual transition from this upper shaly chalk 
upward into the Gammon Member of the Pierre in a number of cases. 
To the east, however, the break is abrupt and the chalky member is 
erosionally removed to varying degree. The most dramatic example is 
seen in the four-county area, along the eastern edge of Niobrara 
distribution. Here, the entire chalky member is locally eroded away, as 
well as part-of the calcareous shale member below. This erosion is 
associated with a well-defined, northwest-southeast-trending channel. A 
similar, large-scale removal of the upper chalky member has been noted 
along the northern border of eastern North Dakota and along the eastern 
edge of Niobrara distribution in Manitoba (Bannatyne, 1970; McNeil and 
Caldwell, 1981). 
Similar to the situation at the Carlile-Niobrara unconformity, the 
erosion can be related to a lowering of sea level, with resultant 
exposure of, and subaerial erosion on, the Niobrara, resulting in a 
paleodrainage surface, locally with as much as 66 feet (21 m) of relief. 
Similar Niobrara-Pierre unconformities have been recorded elsewhere 
in the Western Interior in western Nebraska (DeGraw, 1975), South Dakota 
(Shurr, 1971), and New Mexico (McCubbin, 1969). Among the 
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paleogeographic reconstructions of this time interval, subaerial 
exposure was indicated by Reeside (1957, fig. 16) and Williams and Burk 
(1961, fig. 12-18}. 
Kauffman (1977a) recognized a major regression of the Western 
Interior sea at the end of Niobrara deposition. But it is not clear 
whether he considered this regression the result of world-wide, 
eustatic, sea-level change or regional (mid-continent-wide) tectonic 
uplift. 
Controls of Depositional Patterns 
Laminated, non-bioturbated sediments were deposited under anaerobic 
bottom conditions. Anaerobic bottom waters were the consequence of 
stratified waters in the Western Interior seaway during the time of 
Niobrara deposition. This stratified condition was establi.shed as the 
result of one of a number of possible circumstances (Fig. 36). 
The Western Interior seaway may have been a silled basin, similar 
to the Black Sea, in which the upper, mixed, water layer capped 
underlying stagnant waters. The upper layer would have been less dense 
because of lower salinity or warmer temperatures, and the lower layer 
was prevented from flowing out by a shallow sill, the depth of which 
defined the approximate thickness of the upper, mixed, oxygenated 
waters. The sill (or sills) necessary would have been located at those 
positions connecting the seaway with the open ocean to the south, north, 
and possibly northeast. 
Another possibility would be the establishment of an oxygen-minimum 
layer. ·such a layer could have been established regionally, within the 




Figure 36. Two possibilities for the establishment of a stratified 
water body: A. Silled basin; B. Oxygen-minimum zone impinging 







ocean (Jenkyns, 1980), and extended onto the continents as sea level 
rose. 
Once a stratified water body was established in the seaway, a 
number of possibilities can be proposed to explain the change from 
anaerobic to aerobic bottom conditions and vice versa (Figure 37). 
First (Fig. 37A), at some time the entire water column may have altered 
from the stratified condition to a well-mixed water column, possibly as 
a response to climatic changes. Later, the stratified body may have been 
re-established. 
The other alternatives presuppose a constant, well-developed 
stratified water body. Assuming a constant sea level and a constant 
depth of the pycnocline, simple subsidence of the bottom would lower the 
area in question from aerobic into anaerobic bottom waters (Fig. 37B}. 
Alternatively, with a constant depth of the pycnocline, a eustatic rise 
in sea level would also shift the area from aerobic to anaerobic 
conditions (Fig. 37C). A last possibility would be to keep sea level 
constant and raise the pycnocline (Fig. 37D). Such a shallowing of the 
pycnocline might be accounted for in an upwelling regime. 
Thus we have a variety of possibilities to choose from in order to 
explain the observed changes from anaerobic to aerobic and back to 
anaerobic bottom conditions in evidence in the Niobrara Formation of 
eastern North Dakota. The existence of a rising sea level is well 
established for the Coniacian-Santonian in the Western Interior as well 
as world wide (Kauffman's, 1977a, transgression T7). There are two 
possible explanations. The first alternative is that the two periods of 











Figure 37. Four possible mechanisms to shift the bottom waters 
from aerobic (left) to anaerobic (right) conditions. Area 
under consideration occurs between the vertical lines. A. 
Change from non-stratified to stratified waters; B. 
Subsidence of area, constant depth of pycnocline; C. Eustatic 
sea level rise, constant depth of pycnocline; D. Rise of 
pycnocline due to upwelling. 
Horizontal lines, anaerobic waters; curved arrows, zone of 






C:.Eustatic (rise in sea level) 
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D, Upwelling 






member and unit D of the chalky member) represent two periods of deeper 
water, that is two time intervals of high sea level during which the 
bottom was below a pycnocline of relatively constant depth. The central 
units (Band C) then would represent deposition in shallower waters in 
which the bottom was above the pycnocline. The second alternative is 
that the depth of the pycnocline may have shifted and the earlier 
anaerobic environment (unit A) was a time of shallow anaerobic waters, 
perhaps 50 meters or less. The shallow pycnocline was due to the 
influence of an upwelling regime, a situation further supported by the 
evidence of active bottom currents at this time. It is this second 
alternative that is favored, since it accounts for anaerobic conditions 
during deposition of the initial, most likely shallower, deposits of the 
Niobrara of eastern North Dakota. 
Regional Stratigraphy 
Figure 38 represents a regional correlation of the Niobrara 
Formation along the eastern side of the Western Interior basin from 
Colorado northeastward to Manitoba. Apparent is the increasing hiatus 
toward the north which indicates erosion on the Carlile Shale and 
gradual onlapping by the Niobrara. Deposition in the area of northern 
North Dakota and southern Manitoba represents the last area of 
inundation by the transgressing sea. Figure 39 schematically 
illustrates this eastward and northeastward transgression. A number of 
stratigraphic features in the Niobrara can be traced along strike from 
south to north, including the middle shale, which is probably equivalent 
to the calcareous shale member of the Pembina Mountain area, the middle 





Figure 38. Regional correlation of the Carlile Shale and Niobrara 
Formation along the eastern side of the Western Interior 
basin. 
Sources of stratigraphic data: 1. Scott and Cobban (1964}; 
2.-5. Hattin {1975); 6. Simpson {1960}; 7.-8. This study; 
9.-11. McNeil and Caldwell {1981). 
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Figure 39. Schematic view of the gradual transgression eastward 
and northeastward of the Western Interior seaway during the 
Coniacian and Early Santonian. L TUR= Late Turonian, ECON 
= Early Conician, M CON= Middle Coniacian, L CON= Late 
Coniacian, E SANT= Early Santonian. 
Sources are the same as those for Figure 38 as well as 
Reeside (1957) and Willia111S and Stelck (1975) • 
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member of North Dakota, and the interval of frequent bentonites near the 
top of the formation. 
The compilation thus permits interpretations regarding physical 
correlation and the time of occurrence of key stratigraphic units. The 
lower shaly chalk, seen in the subsurface of the southern area, may well 
be the time equivalent of what is referred to by Hattin (1975) as the 
Fort Hays Limestone Member in northeastern Nebraska. He placed the unit 
in the Volviceramus grandis Zone (Lower santonian). If this is so, then 
the Niobrara in eastern North Dakota, which is stratigraphically higher, 
is younger still, thus confirming an Early to Middle Santonian age for 
the base of the Niobrara in northeastern North Dakota. 
The change from calcareous shale to chalk in the middle of the 
formation may correspond to the middle shale-middle chalk contact in 
Colorado (Scott and Cobban, 1964) and the base of "marker unit 1011 of 
Hattin {1982, pl. 1) in Kansas. Both of these contacts occur in the 
upper Middle Santonian Clioscaphites choteauensis Biozone; this zone is 
associated with the chalk in Colorado and Kansas but the zone species 
has not been found in North Dakota. 
An increase in bentonite occurrences is noted in the upper Niobrara 
of Kansas (Hattin, 1982, plate 1, "marker unit 18" and up) and Colorado 
(Scott and Cobban, 1964, p. L20), and this may correspond with the zone 
of frequent bentonites of unit E in the Niobrara of northeastern North 
Dakota. 
In effect, we see a continuity of Niobrara stratigraphy along 
strike toward the north. The lower Niobrara (Coniacian) of Kansas and 
Colorado is not present because the transgressing sea had not inundated 
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The information from interpretations of depositional environments 
and stratigraphic relationships has been combined with the known 
regional patterns and biostratigraphic data in order to present a 
depositional history of the Niobrara Formation in eastern North Dakota. 
A series of seven paleogeographic and paleoecologic map reconstructions 
for eastern North Dakota, covering events from the Late Turonian through 
the Early Campanian, accompany this section. Previous paleogeographic 
maps for the Western Interior of this time have been constructed by 
Reeside, (1957), Williams and Burk, (1961), Jeletsky, (1971), McGookey, 
(1972), and Williams and Stelck, (1975}. 
Late Turonian-Early Coniacian (Figure 41} 
The non-calcareous shales of the Carlile Shale were deposited in 
Middle and Late Turonian time during the regressive phase of the 
Greenhorn "cyclothem" (Hattin, 1962). On the basis of depositional 
patterns ascertained from well logs in eastern North Dakota, it is 
concluded that deposition was continuous, widespread, and uniform over 
this area. 
Continued lowering of sea level eventually exposed the Carlile to 
subaerial erosion. This major sea-level decline corresponded with a 
recognized world-wide eustatic sea-level fall that culminated at 
approximately the Turonian-Coniacian boundary (Hancock and Kauffman, 







Figure 40. Explanation of the symbols used in the paleogeographic 
maps of eastern North Dakota. 
Figure 41. Paleogeographic map of eastern North Dakota during 
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During this time, erosion developed a paleotopographic surface with 
as much as 140 feet {43 m) of local relief. Two, and possibly three, 
broad, eroded depressions, each oriented northwest-southeast, are 
recognized (Reiskind, 1982} in eastern North Dakota. The depression in 
the central linear area exhibits greatest erosion and highest local 
relief. The valley directions suggest a northwestward paleoslope. The 
position of the shoreline at the height of maximum regression is not 
known, although it is possible that the Turner Sandy Member of the 
Carlile Shale in the Black Hills (Rice, 1976} may represent deposition 
during this time. In any event, the Western Interior sea, at this time, 
was probably very restricted areally. 
Middle Coniacian-Late Coniacian (Figure 42} 
The initial transgression in eastern North Dakota occurred in the 
southern area, where subsidence allowed early encroachment of the 
gradually rising sea. The lower shaly chalk, of Middle to Late 
Coniacian age, extends no farther north than this southern area. 
Subsequent units onlap toward the north and northeast. 
Figure 42 indicates that, while deposition occurred in the 
southwest, subaerial erosion and paleodrainage development continued in 
the northern area until Late Coniacian time. 
Early Santonian (Figure 43} 
The incursion of the sea during the Late Coniacian was followed by 
a rapid inundation of the entire area during the Early santonian. There 
is no indication that the eastern shoreline was nearby; it may have been 







Figure 112. Paleogeographic map of eastern North Dakota during the 
Middle Coniacian-Late Coniacian. Symbols explained in Figure 
110. 
Figure 113. Paleogeographic map of eastern North Dakota during 
the Early Santonian. Symbols explained in Figure 110. 
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Canadian Shield. Bottom waters in northeastern North Dakota, and 
probably over the entire study area, were anaerobic to dysaerobic, as 
indicated by the absence of bioturbation by infaunal metazoans. 
Lingula, a small inarticulate brachiopod tolerant of low oxygen 
conditions, is the only benthic macrofossil present. The bottom was 
affected by active bottom currents, the result of which were local 
small-scale diastems and layers of winnowed fish hard-part debris. 
Eastern North Dakota, at this time, may have been an area of 
coastal upwelling with consequent active bottom currents, a shallowing 
of the pycnocline, high production of organic matter, and an abundance 
of phosphatic fossil material. The occurrence of siliceous deposits of 
the Split Creek Rock Formation near the crest of the Sioux Ridge in 
eastern South Dakota (Witzke et al., 1983} suggests the influence of 
coastal silica-rich waters -- an additional characteristic of an 
upwelling environment. 
Figure 43 shows that the intersection of the pycnocline with the 
bottom substrate was situated east of eastern North Dakota during the 
Early Santonian. Although conjectural, its position is tentatively 
indicated on the map. It is believed that water depth was relatively 
shallow but the pycnocline depth was also shallow due to upwelling 
processes. 
During this time, the area was under the influence of cooler 
waters, as reflected by low calcium-carbonate production and a distinct 
cooler-water planktic biota. The connection with the Arctic Ocean to 
the north seems to have been constant. The connection with Greenland 
waters to the northeast via Hudson's Bay has been indicated on map 
reconstructions by Jeletsky (1971} and Williams and Stelck (1975). 
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Middle Santonian (Figures 44 and 45) 
During the Middle santonian, the Niobrara of northeastern North 
Dakota was deposited under aerobic bottom waters that supported an 
abundant and actively burrowing infauna and shelled epifauna. This 
suggests a lowering of the pycnocline and a westward shift of the 
intersection of that pycnocline with the bottom substrate. This 
lowering probably was accomplished by the discontinuation of prevailing 
upwelling conditions, although simple lowering of sea level with 
accompanying lowering of the pycnocline may also have taken place. 
During this interval a sudden change from low calcium-carbonate 
production and deposition to high calcium-carbonate production and 
deposition occurred; this is indicated by the transition from slightly 
calcareous shale to indurated chalk. This rapid transition was probably 
a basin-wide event, as discussed earlier. This shift was accompanied by 
a change in the planktic foraminiferal fauna and the calcareous 
nannoplankton flora, establishing a planktic biota that would remain 
fairly constant in composition and relative abundance throughout 
deposition of the upper, chalky, member. 
It is suggested that this abrupt lithologic change marks a rapid 
northward shift of warm waters; the southern, warmer, water mass (Fig. 
45) replacing the cooler water mass (Fig. 44). What would account for 
this sudden change in water mass distribution? It is possible that a 
higher sea level position may have enhanced northward expansion of 
southern waters (Kauffman, 1983). As indicated above, there may have 
been an earlier connection to the northeast with Greenland waters. The 
threshold event may have been a closing off of this connection, perhaps 
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Figure 44. Paleogeographic map of eastern North Dakota during the 
early Middle Santonian. Symbols explained in Figure 40. 
Figure 45. Paleogeographic map of eastern North Dakota during 
the late Middle Santonian. Symbols explained in Figure 
40. 
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related to tectonic events in the mid-continent, thus permitting more 
southern influences to dominate the area. 
Late Santonian-Earliest campanian (Figure 46) 
After the establishment of calcium carbonate-rich deposition the 
northeastern area gradually returned to anaerobic bottom conditions. 
The simplest explanation would be a continued rise in sea level with a 
consequent rise of the pycnocline and an eastward shift of its 
intersection with the substrate. The continuous raining down of 
abundant calcareous nannoplankton, planktic foraminifers and 
zooplankton-produced fecal pellets ("white specks") onto an undisturbed 
bottom continued through the end of Niobrara deposition (Late Santonian 
and possibly into earliest campanian). Sea level probably reached its 
maximum at this time. Toward the end of Niobrara deposition a return to 
dysaerobic bottom conditions, reflecting a slight lowering of sea level, 
is indicated by increased bioturbation. This was a time of increased 
volcanic activity to the west as indicated by the increased number of 
bentonites. Sea level continued to fall and whatever latest Niobrara 
deposition there may have been was subsequently reworked or eroded away 
in northeastern North Dakota. 
Early campanian (Figure 47) 
A regression followed Niobrara deposition. The shoreline (Figure 
47) shifted to the west, perhaps trending north-south within the study 
area. Seaward of the shoreline, deposition of the shales of the Gammon 
Member of the Pierre Shale began within a more restricted seaway. 







Figure 46. Paleogeographic map of eastern North Dakota during the 
Late Santonian-earliest Campanian. Symbols explained in 
Figure 40. 
Figure 47. Paleogeographic map of eastern North Dakota during 
the Early Campanian. Symbols explained in Figure 40. 
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similar to that on the top of the Carlile Shale developed. Areas of 
significant erosion on the top of the Niobrara are located in the four-
county area, along the northern border of eastern North Dakota, and in 
south-central Manitoba. Probably both submarine and subaerial erosional 
surfaces formed on the top of the Niobrara. Multiple erosional surfaces 
similar to those reported by DeGraw (1975) for the Niobrara-Pierre 
contact in western Nebraska may have been formed. 
Discussion 
It is interesting to compare the paleogeographic reconstructions 
presented here with previous maps. Generally the earlier maps owe some 
of their inaccuracy to a paucity of data from the North Dakota area. It 
is difficult to recognize major breaks in deposition where only limited 
outcrops, and even more limited biostratigraphic data, are available. 
Detailed examination of well logs has permitted the recognition of 
erosional unconformities not apparent in outcrop or core. 
Furthermore, the use of the sedimentary characteristics of 
laminated versus bioturbated sediments to suggest changes of depth and 
thus of sea level allows the position of the shifting eastern shoreline 
and the pycnocline within the water body to be approximated. With the 
inclusion of planktic biotal data, further conclusions can be drawn with 
regard to open water environments and related paleogeography. 
Consequently, future paleogeographic reconstructions must take into 
account these additional data. As Kauffman (1977a) and others have 
recognized for the easternmost stable platform of the Western Interior 
seaway, ·unconformities are a major factor while tectonism is of little 




stratigraphy. The Niobrara Formation of eastern North Dakota exhibits 
sensitive sedimentary response to eustatic sea level changes as well as 
to water mass characteristics which are reflected in the planktic biota 
it supported. 
CHAPTER VIII: SYSTEMATIC PALEONTOLOGY 
calcareous Nannoplankton 
The species of calcareous nannoplankton identified in this study 
are presented alphabetically by genus. The occurrence and relative 
abundance of most taxa mentioned below are listed in Appendix D. No 
attempt was made to arrange genera under orders and families, although 
this has been done in some studies (Bukry, 1969; Hay, 1977). Smith 
(1981, p. 26-27) summarized the reasons to avoid suprageneric 
classification. Basically, nannofossil genera should be considered 
form-genera whose relationships to each other and to the parent 
coccolithophore are unknown. 
The following is a glossary of morphologic terms, as used herein, 
as well as general terminology used in regard to the designation of 
nannofossil forms. 
Glossary of Morphologic Terms 
~:apart of the crossbar between the rim and the center of a 
coccolith. 
asterolith: a star-shaped nannofossil. 
bar: a skeletal element that crosses the central area but does not pass 
through the center of the coccolith. 
calcareous nannoplankton: general term that includes coccoliths, 
possible coccoliths, and other similar, very small, calcium-carbonate, 
skeletal elements of uncertain origin. 
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central area: the central region of a coccolith excluding the shield or 
the wall. 
central process: a protuberant extension of the central area 
stem. 
clockwise inclination: refers to sutures inclined to the right toward 
the periphery. 
coccolith: a general term for any calcareous, skeletal structure 
secreted by a member of the Coccolithophyceae (coccolithophore). 
coccolithophore: a chromatophore-bearing protist which, at some phase of 
its life-cycle, produces coccoliths; a member of the Coccolithophyceae. 
coccosphere: the entire spherical test of a coccolithophore, composed of 
a number of interlocking coccoliths. 
counterclockwise inclination: refers to sutures inclined to the left 
toward the periphery. 
crossbar: a skeletal element that crosses the central area through the 
center of the coccolith. 
cycle: a concentric row of elements in the shield or central area. 
dextral imbrication: the overlapping of elements in a cycle in such a 
manner that an element on the left overlaps the next one to the right, 
and so on. 
distal side: the outward-facing, usually convex, side of the coccolith. 
element: the basic structural unit consisting of a single calcite 
crystal (or crystallite)~ 
nannofossils: fossil calcareous nannoplankton. 
opening: a relatively large space between structures within the central 
area. 





perforation: a small opening, usually in the central area, surrounded by 
or between a few elements. 
placolith: a plate-like coccolith, usually consisting of two closely 
appressed shields. 
plate: a thin sheet-like structure, often perforated, closing the whole 
central area. 
proximal side: the inward-facing, usually concave, side of the 
coccolith. 
rhabdolith: a coccolith that possesses a long central process or stem. 
rim: the peripheral cycle or cycles of elements surrounding the central 
area. 
shield: the part of the coccolith, excluding the central area, that is 
more or less horizontal; composed of one or several cycles; tier. 
sinistral imbrication: the overlapping of elements in the cycle, the 
right element overlapping the left one. 
suture: the boundary between any two elements. 
tier: a shield, the term used where a number of shields are adjacent to 
each other or appressed. 
wall: the part of the coccolith, excluding the central area, that is 







Genus AHMUELLERELLA Reinhardt 1964· 
~ species: Discolithus octoradiatus Gorka 1957, 
Diagnosis: Elliptical coccoliths with rim consisting of single cycle of 
imbricate elements and central area spanned by bars, each of lfhich 
bifurcate peripherally, forming a cross slightly asymmetrical to the 
major and minor axes of the ellipse. 
Ahmuellerella octoradiata (Gorka 1957} Reinhardt 1966 
Plate 11, Figure 1, Plate 17, Figure 1 
Discolithus octoradiatus Gorka, 1957, p. 259, pl. 4, fig. 10. 
Zygolithus octoradiatus·(Gorka), Stradner, 1963, p. 180. pl. 5, figs. 
2-2a. 
Ahmuellerella octoradiata (Gorka), Reinhardt, 1966, p. 24, pl. 22, figs. 
3-4; Hattner and Wise, 1980, p. 56, pl. 1, figs. 5-9; Smith, 
1981, p. 27-28, pl. 1, figs. 1-15, 
Eiffellithus octoradlatus (Gorka), Gartner, 1968, p. 25, pl. 2, figs. 
17-21; pl. 3, figs. 11a-c; pl. 5, fig. 20; pl. 12, figs. 10a-c. 
Vagalapilla octoradiata (Gorka), Bukry, 1969, p. 58, pl. 33, figs. 5-7. 
Diagnosis: Elliptical placolith with narrow outer rim and large central 
area; eight bars, occurring in pairs, extend outward from center giving 
appearance of an eight-fold star surrounded by an outer margin; outer 
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rim a single cycle of numerous (40-50), dextrally imbricated elements, 
each element squared-off where it overlaps the next. 
Known range: Middle Turonian through Late Maastrichtian. 
Occurrence: Occurs throughout the formation but only sporadically in 
the calcareous shale member. It is much more common in the CQalky 
member, exceeding 5 percent in a number of samples. 
Genus ARKHANGELSKIELLA Vekshina 1959 
~ species: Arkhangelskiella cymbiformis Vekshina 1959, 
Diagnosis: Elliptical coccoliths consisting of a rim of three to four 
tiers, the most proximal tier smallest and the second from most distal 
tier largest; central area distinct from rim, with longitudinal and 
transverse sutures, may be perforated. 
Arkhangelskiella specillata Vekshina 1959 
Plate 11, Figure 2, Plate 17, Figures 2, 3 
Arkhangelskiella specillata Vekshina, 1959, p. 67, pl. 2, fig. 5; 
Gartner, 1968, p. 39, pl. 9, figs. 6,7; pl. 11, fig. 4; 
Manivit, 1971, p. 104, pl. 1, figs. 16,17; Barrier, 1980, p. 
303, pl. 2, figs. 3,4; Hattner and Wise, 1980, p. 57, pl. 2, 
figs. 4-9; pl. 3, figs. 1,2; pl. 38, figs. 1-3; 
Arkhangelskiella specillata ethmopora Bukry, 1969, p. 21, pl. 1, figs. 
4-7. 
Diagnosis: Elliptical placolith with a relatively narrow outer rim; 
large central area divided into four quadrants with sutures aligned with 
the main axes; large pores on either side of the sutures as well as 
along the outer margin of the central area. 
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Remarks: Though rare, this species is valuable as a biostratigraphic 
indicator of the Upper Santonian, Most similar to Arkhangelskiella 
cymbiformis, it is distinguished from that species by conspicuous pores 
along the outside margin of the central area. 
Occurrence: This species is restricted to the upper, chalky member. It 
occurs rarely in unit C, is not observed in unit D, and reappears in 
unit E where it ranges up to 3 per cent of the nannofossils counted in 
one sample. 
Known range: Late Santonian through Maastrichtian. Most studies have 
indicated the earliest occurrence of this species in the Campanian; 
Doeven et al. (1982) indicated an extension of its range into Late 
Santonian. 
Genus BIDISCUS Bukry 1969 
~ species: Bidiscus cruciatus cruciatus Bukry 1969. 
Diagnosis: Circular coccoliths constructed of two single-cycle shields 
each composed of a small number of radial elements; proximal shield 
smaller than distal shield; small central area. 
Bidiscus rotatorius Bukry 1969 
Plate 15, Figure 9 
Bidiscus rotatorius Bukry, 1969, p. 27, pl. 7, figs. 5-9; Verbeek, 1977, 
p. 80, pl. 3, fig. 10. 
Diagnosis: Circular coccolith constructed of two shields, each 
consisting of a single cycle of relatively few radial elements 
(approximately 24}; proximal shield somewhat smaller than distal shield; 
central area small and open. 
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Known range: Albian through Campanian. 
Occurrence: Observed under the SEM as a single coccosphere within the 
chalky member. 
Genus BISCUTUM Black 1959 
~ species: Biscutum testudinarium Black 1959. 
Diagnosis: Elliptical coccoliths consisting of two shields, closely 
appressed, distal shield slightly larger than proximal shield, both 
shields constructed of a small number of radial elements; small central 
area of small irregular elements. 
Biscutum constans (Gorka 1957) Black 1959 
Plate 11, Figures 6,7, Plate 17, Figure 4 
Discolithus constans Gorka, 1957, p. 279, pl. Ii, fig. 7. 
Biscutum constans (Gorka) Black, 1967, p. 139; Perch-Nielsen, 1968, p. 
78, pl. 27, figs. 1-11; text-fig. 39; Verbeek, 1977, p. 81, pl. 
Ii, fig. 1. 
Biscutum blacki Gartner, 1968, p. 18-19, pl. 1, fig. 7; pl. 6, fig. 2; 
pl. 8, figs. 8-10; pl. 11, fig. 8;pl. 15, fig. 2; Bukry, 1969, 
p. 28, pl. 7, fig. 12; pl. 8, figs. 1-3; Smith, 1981, p. 30, 
pl. 1, figs. 35-47. 
Diagnosis: Elliptical coccolith of two broad shields, distal shield 
larger than proximal shield, of 16 to 22 broad, wedge-shaped elements 
separated by straight, radial sutures; small, irregular central area. 
Known range: Albian through middle Maastrichtian. 
Occurrence: B. constans occurs in small numbers in the upper part of 
unit A of the calcareous shale member, where it exceeds 2 percent in two 
samples of the upper 25 feet of that member. 
!!i 
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Biscutum hattneri Wise 1983 
Plate 11, Figure 9 
Biscutum hattneri Wise, 1983, p. 506, pl. 17, fig. 7; pl. 20, figs. 1-3. 
Diagnosis: Elliptical coccolith with somewhat pointed ends (ogival 
form} consisting of two closely appressed shields; distal shield of 
about 25 elements, each of which is indented on the inner side; second 
inner cycle of thin, lath-like, imbricated elements inclined strongly 
clockwise separates outer rim from central area as seen on distal side; 
proximal side consists of wide outer rim of about 25 radial elements 
around inner cycle or cycles of irregularly shaped elements; central 
area filled with long laths and bears a conspicuous central process. 
Remarks: This species has previously been reported from only one sample 
from one locality in a DSDP core from the Falkland Plateau (Wise, 1983}. 
In the original description only the proximal view of the species is 
presented. In this study it occurs as a cluster of specimens in situ 
among which proximal, side, distal, and oblique views are present. It 
is unlike any other species described from the Upper Cretaceous. 
Known range: Biscutum hattneri has been reported previously from only 
one level of the Santonian-Coniacian sequence on the Falkland Plateau. 
Occurrence: Biscutum hattneri has been observed only in situ under the 
SEM in one sample (PR-2.45) from the chalky member of the Niobrara 
Formation. Thus, the two occurrences of this species are in time 
equivalent sediments on the Falkland Plateau (about 51 degrees S) and 
in northeastern North Dakota (about 48 degrees N}. This suggests that 
Biscutum hattneri is a high latitude species. 
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Genus BROINSONIA Bukry 1969 
~ species: Broinsonia dentata Bukry 1969. 
Diagnosis: Elliptical coccoliths with, on distal side, a rim consisting 
of two cycles; three tiers; central area divided into quadrants by axial 
sutures and commonly perforated. 
Broinsonia furtiva Bukry 1969 
Plate 11, Figures 3-5, Plate 17, Figures 6,7 
Broinsonia furtiva Bukry, 1969, p.22, pl. 2, figs. 7-8; Verbeek, 1977, 
p. 74, pl. 2, figs. 6,7; Hattner and Wise, 1980, p.59, pl. 5, 
fig. 9; pl. 6, figs. 1-4. 
Broinsonia lacunosa Forchheimer, 1972, p.25, pl. 2, fig. 1. 
?Broinsonia furtiva Bukry, Thierstein, 1974, p. 637, pl. 10, figs. 7-14; 
pl. 11, figs. 1-8. 
Diagnosis: Placolith consists of three shields or tiers, each shield, 
proceeding proximally, smaller than the next; rim cycles consist of 
narrow outer cycle of numerous (about 50), small elements and wider 
inner cycle of 26-32 larger elements, each element of inner cycle 
bearing a somewhat indented (concave) upper surface giving the inner 
cycle a distinctive "dimpled" appearance. 
Central area divided into quadrants by longitudinal and transverse 
sutures; on distal side each quadrant usually bears two to four large 
perforations but occasionally more occur; in some cases perforations 




Remarks: A number of species of Broinsonia are reported in the 
literature. A number of these have been synonymized with~· furtiva. 
Thierstein (1974, 1976) suggested that~- enormis, which differs from~-
furtiva solely in lacking the large perforations, is synonymous with it. 
He noted that the absence of perforations was due to secondary calcite 
overgrowths. If this were so, then the name B. enormis would have 
priority. However, until this question is resolved the name Broinsonia 
furtiva will be used. No specimens of imperforate Broinsonia were 
recognized in this study. 
Hattner and Wise (1980) placed Broinsonia lacunosa Forchheimer in 
Broinsonia furtiva. I agree that the more numerous perforations 
characteristic of B. lacunosa may well fall within the variation of B. 
furtiva. The stratigraphic range of~- lacunosa, as recorded by Doeven 
et al. (1982}, is approximately coincident with that of~. furtiva, 
further suggesting that the two forms may be end points on a continuum 
of variation. 
Known range: Middle Coniacian through Lower Campanian 
Occurrence: Broinsonia furtiva occurs in both members. It is common in 
the upper part of unit A (Assemblage II} where it ranges from 1.2 to 3.8 
percent. It is common to abundant in the chalky member (Assemblage IV} 
where it commonly exceeds 5 percent of the counted nannoflora. 
Genus BRAARUDOSPHAERA Deflandre 1947 
~ species: Pontosphaera bigelowi Gran and Braarud 1935. 
Diagnosis: Pentagonal nannoliths consisting of five segments, each 
segment constructed of a single crystallographic unit, joined along 
straight, radial sutures. 
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Braarudosphaera bigelowi (Gran and Braarud 1935) Deflandre 1947 
Plate 17, Figure 5 
Pontosphaera bigelowi Gran and Braarud, 1935, p. 388, text-fig. 67. 
Braarudosphaera bigelowi (Gran and Braarud) Deflandre, 1947, p. 439, 
text-figs. 1-5; Gartner, 1968, p. 45, pl. 15, fig. 3; pl. 16, 
fig. 9; pl. 19, figs. 7a-c; pl 20, fig. 4; pl. 21, fig. 8; 
Perch-Nielsen, 1968, p. 85, pl. 32, figs. 1-3; Bukry, 1969, p. 
62, pl. 36, figs. 11,12; Manivit, 1971, p. 125-126, pl. 3, 
figs. 13, 14, 16; Verbeek, 1977, p. 78-79, pl. 3, fig. 8; 
Rattner and Wise, 1980, p. 58, pl. 5, fig. 3; Smith, 1981, p. 
31, pl. 1, figs. 48-50. 
Diagnosis: Pentagonal outline, made of five large, optically distinct 
elements; sutures between elements extend from center to midpoint on 
each of the five flat sides. 
Known range: Tithonian through Holocene. 
Occurrence: This species is very rare in this study but occurs in both 
members. It occurs in greater numbers at or near the base of unit A, 
where it exceeds 18 percent of the total count in one sample (E-1.163). 
Genus CHIASTOZYGUS Gartner 1968 
~ species: Zygodiscus? amphipons Bramlette and Martini 1964 
Diagnosis: Elliptical coccoliths consisting of a single cycle of 
imbricate elements forming a peripheral rim; open central area spanned 
by x-shaped crossbars arranged symmetrically with respect to major and 
minor axes of the ellipse; spine or stem may occur at the intersection 
of the crossbars. 
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Chiastozygus cuneatus (Lyul'eva 1967) Cepek and Hay 1969 
Plate 11, Figure 8, Plate 17, Figure 8 
Zygolithus cuneatus Lyul'eva, 1967, p. 93, pl. 1, fig. 13. 
Chiastozygus cuneatus (Lyul'eva), Cepek and Hay, 1969, p. 325, text-fig. 
2, no. 7; text-fig. 4, no. 1; Forchheimer, 1972, p. 46-47, pl. 
18, figs. 1-4; Roth and Thierstein, 1972, pl. 12, figs. 1-6; 
Smith, 1981, p. 31-32, pl. 1, figs. 51-60. 
Chiastozygus propagulis Bukry, Rattner and Wise, 1980, p. 60, pl. 9, 
fig. 2, not fig. 3. 
Diagnosis: Elliptical coccolith with single outer rim cycle of 
imbricated elements, each element with a characteristic narrow, arrow-
like end overlapping the next element clockwise; central area consisting 
of four large plates extending inward from the two sides and the two 
ends of the elliptical area in the form of large wedges; each plate 
bearing a large subcircular opening resulting in the appearance of a 
central cross offset along the longitudinal axis. 
Remarks: Thierstein (1976) suggests that Chiastozygus cuneatus is a 
junior synonym of Eiffellithus trabeculatus (Gorka). E. trabeculatus 
appears to be a~- cuneatus whose large circular openings have been 
filled by secondary calcitization. Until this taxonomic question is 
resolved, however, I have retained the present designation insofar as 
the species is well-known under this designation. 
Known range: Late Coniacian through Middle Santonian. 
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Occurrence: Chiastozvgus cuneatus occurs sporadically throughout the 
formation. It occurs commonly to abundantly only in a few samples from 
the upper part of unit A of the calcareous shale member (Assemblage II) 
where, in one sample, it exceeds 16 percent. 
Chiastozygus plicatus Gartner 1968 
Plate 11, Figure 10, Plate 17, Figure 9 
Chiastozygus plicatus Gartner, 1968, p. 27, pl. 16, figs. 10, 11; pl. 
17, figs. 9a-d; pl. 19, figs. 9a-d; pl. 20, fig. 6; pl. 21, 
figs. 9a-d; pl. 22, fig. 12; Bukry, 1969, p. 50-51, pl. 28, 
fig. 3; Smith, 1981, p. 32-33, pl. 2, figs. 1-12. 
Diagnosis: Elliptical coccolith with single outer rim of numerous 
imbricated elements; four bars meeting in the center of the central area 
resulting in a cross aligned 45 degrees from the longitudinal and 
transverse axes. 
Remarks: Few specimens were observed under the SEM. Smith (1981, p. 
32) separated this species from Chiastozygus litterarius and f• 
amphipons on the basis of "more numerous elements in the distal rim 
cycle and broader, doubled, x-shaped crossbars." These two species and 
f• plicatus may well fall within the variability expected within a 
single species. 
Known range: Aptian through Campanian. 
Occurrence: This species occurs throughout the formation, commonly 
exceeding 2 percent but never greater than 5 percent of the total 
nannofossil count. 
216 
Genus COROLLITHION Stradner 1961 
~ species: Corollithion exiguum Stradner 1961. 
Diagnosis: Small, simple coccoliths of polygonal shape, with a narrow 
rim constructed of one or two cycles of elements, bearing no peripheral 
spines or projections; large open central area spanned by crossbar 
structures that, in a number of species, support a short central 
process. 
Corollithion exiguum Stradner 1961 
Plate 12, Figure 
Corollithion exiguum Stradner, 1961, p. 83, text-figs. 58-61; Gartner, 
1968, p. 35, pl. 10, fig. 26; Bukry, 1969, p. 40-41, pl. 18, 
fig. 12; pl. 19, fig. 1; Manivit, 1971, p. 109, pl. 5, figs. 
1-3; Hattner and Wise, 1980, p. 60, pl. 9, figs. 6-9; Smith, 
1981, p. 33-34, pl. 2, figs. 13-21. 
Diagnosis: Small nannofossil, with simple hexagonal outline; central 
area crossed by six bars extending inward from the midpoint of each 
straight side and meeting in the center. 
Known range: Turonian through Maastrichtian. 
Occurrence: This is among the smaller species whose occurrence is 
underrepresented in prepared strew slides. It seemed to be abundant 






Corollithion signum Stradner 1963 
Plate 12, Figure 2 
Corollithion signum Stradner, 1963, p. 177, pl. 1, figs. 13a-b; Bukry, 
1969, p. 41, pl. 19, figs. 5-8; Hattner and Wise, 1980, p. 60, 
pl. 10, figs. 6,7; Smith, 1981, p. 34-35, pl. 2, figs. 22-36. 
Corolithion signum Stradner, Manivit, 1971 (error for Corollithion), p. 
110-111, pl. 5, fig. 6; not pl. 5, figs. 7-10. 
Diagnosis: Simple, small nannofossil, elongate-hexagonal; four bars 
extending from center of central area to midpoint of the two long 
margins and the two short sides, forming a central "plus." 
~ range: Albian through Maastrichtian. 
Occurrence: This species is seldom seen in prepared strew slides but is 
an abundant member of the smaller nannofossils as seen in rock specimens 
viewed under the SEM. 
Corollithion rhombicum (Stradner and Adamiker 1966) Bukry 1969 
Plate 12, Figure 3 
Zygolithus rhombicus Stradner and Adamiker, 1966, p. 339, pl. 2, fig. 1, 
text-fig. 5-7. 
Corollithion rhombicum (Stradner and Adamiker}, Bukry, 1969, p. 41, pl. 
19, figs. 2-4; Manivit, 1971, p. 110, pl. 5, figs. 11-13; Wise 
and Wind, 1977, pl. 31, fig. 4; Hattner and Wise, 1980, p. 60, 
pl. 10, figs. 2-5. 
. ,~ 
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Diagnosis: Small rhombohedral species; outer rim of relatively few 
single elements; central area spanned by eight bars that meet toward the 
center along a longitudinal central bar. 
Known range: Albian through Campanian. 
Occurrence: This species has been observed only within the rock under 
the SEM. Apparently the species is lost during processing because of 
its small size, its delicate structure or both. 
Genus CRETARHABDUS Bramlette and Martini 1964 
~ species: Cretarhabdus conicus Bramlette and Martini 1964 
Diagnosis: Elliptical coccoliths with two distal cycles of nearly 
radial elements; sutures of broader, inner rim cycle slightly offset 
from sutures of narrow, outer distal cycle; central area is constructed 
of subradially arranged bars extending outward from axial crossbars; 
single cycle of radial elements is present in the proximal rim. 
Cretarhabdus conicus Bramlette and Martini 1964 
Plate 12, Figure 4, Plate 17, Figure 10 
Cretarhabdus conicus Bramlette and Martini, 1964, p. 299, pl. 3, figs. 
5-8; Gartner, 1968, p. 21-22 1 pl. 1, figs. 10-11; pl. 3, figs. 
5,6; pl. 4, figs. 9-12; pl. 6, figs. 3, 4; pl. 11, fig. 12; pl. 
15, fig. 9; pl. 16, figs. 12, 13; pl. 17, fig. 10; pl. 20, 
figs. 8, 9; pl 22, figs. 20, 21; pl. 24, fig. 11; pl. 25, figs. 
3, 4; Bukry, 1969, p. 35, pl. 13, figs. 7-12; Manivit, 1971, p. 
95, pl. 2, figs. 13-18; Forchheimer, 1972, p. 50-51, pl. 19, 
figs. 1-3; Hattner and Wise, 1980, p. 60, pl. 10, figs. 8, 9; 
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pl. 11, figs. 1-6; Smith, 1981, p. 35-36, pl. 2, figs. 37-48; 
pl. 3, figs. 1-19. 
Diagnosis: Elliptical coccolith with narrow rim; large central area 
with 12 subradially-arranged struts and two larger crossbars aligned 
with transverse and longitudinal axes. 
Remarks: C. conicus is distinguished from C. crenulatus on the basis of 
the relative width of the rim. 
Known range: Berriasian through Maastrichtian. 
Occurrence: Occurs throughout the formation in relatively small 
numbers, seldom exceeding three percent of the total count in any 
sample. 
Cretarhabdus crenulatus Bramlette and Martini 1964 
Plate 12, Figure 7 
Cretarhabdus crenulatus Bramlette and Martini, 1964, p. 300, pl. 2, 
figs. 21-24; Gartner, 1968, p. 22, pl. 1, fig. 9; pl. 6, fig. 
6; pl. 19, fig. 11; pl. 20, figs. 10, 11; Smith, 1981, p. 
37-38, pl. 3, figs. 20-28; pl. 4, figs. 1-17. 
Cretarhabdus crenulatus crenulatus Bramlette and Martini, Bukry, 1969, 
p. 35, pl. 14, figs. 1-6. 
Cretarhabdus octoperforatus Forchheimer, 1972, p. 51-52, pl. 20, figs. 
1, 2. 
Diagnosis: Elliptical coccolith with broad rim and narrow central area 
spanned by four to eight subradially-arranged struts and two larger 
crossbars aligned with transverse and longitudinal axes. 
Known range: Berriasian through Maastrichtian. 
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Occurrence: Only observed and identified with confidence under the SEM 
where it was seen in a sample from the calcareous shale member (N-2 at 
137 feet). 
Genus CRIBROSPHAERELLA Deflandre 1952 
~ species: Cribrosphaera ehrenbergi Arkhangelsky 1912. 
Diagnosis: Subcircular to elliptical coccoliths constructed of two rim 
cycles and a broad central perforate or imperforate plate; rim elements 
are radial to slightly inclined, 
Cribrosphaerella ehrenbergii (Arkhangelsky 1912) Deflandre 1952 
Plate 12, Figures 10-12, Plate 17, Figure 11 
Cribrosphaera ehrenbergi Arkhangelsky, 1912, p. 412, pl. 6, figs. 19, 
20; Bukry, 1969, p. 44-45, pl. 22, figs. 7-12; Manivit, 1971, 
p. 101-102, pl. 8, figs. 1-13; Forchheimer, 1972, pl. 9, figs. 
1, 3, 4. 
Cribrosphaerella ehrenbergii (Arkhangelsky 1912), Deflandre in Piveteau, 
1952, p. 111, figs. 54a, 54b; Gartner, 1968, p. 40, pl. 1, 
figs. 14, 15; pl. 3, figs. 2a-d; pl. 6, figs. 7a-c; pl. 12, 
figs. 2a-d; pl. 15, figs. 11a-d; Verbeek, 1977, p. 104, pl. 9, 
fig. 1; Hattner and Wise, 1980, p. 61-62, pl. 14, fig. 2-9; pl. 
15, figs. 1, 2. 
Diagnosis: An elliptical placolith of three shields each smaller in 
diameter proximally, inner shield consisting of two rim cycles; central 
area a sieve-like plate with numerous, evenly distributed small 
perforations of uniform size but varying in number from about 15 to 50; 
rim and central area not distinctly separated on distal side. 
~ range: Albian through Maastrichtian. 
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Occurrence: Cribrosphaerella ehrenbergii occurs throughout the Niobrara 
Formation with greater numbers occurring in the upper part of unit A and 
in the chalky member, where it attains up to 5 percent of the 
nannofossils counted. One sample exceeds 25 percent of the count. 
Genus CYLINDRALITHUS Bramlette and Martini 1964 
~ species: Cylindralithus serratus Bramlette and Martini 1964. 
Diagnosis: Slightly tapering cylinders constructed of high wall, 
circular in plan view, with thin perforate base; cruciform central 
structure may be present. 
Cylindralithus asymmetricus Bukry 1969 
Plate 12, Figure 5, Plate 17, Figure 12 
Cylindralithus asymmetricus Bukry, 1969, p. 42, pl. 19, figs. 9-12 Roth 
and"Thierstein, 1972, pl. 12, figs. 19-22; Smith, 1981, p. 
41-42, pl. 4, figs. 43-48; pl. 5, figs. 1-8. 
Diagnosis: Circular or nearly circular coccolith with thick wall and 
irregular outline; structures within the central area seldom present. 
Remarks: Cylindralithus coronatus, the other commonly reported species 
of Cylindralithus from the Upper Cretaceous, is characterized by a 
broad, plus-shaped crossbar in the central area. No recognizable 
specimens of Cylindralithus coronatus were observed in this study. 
Known range: Coniacian through Early Campanian. 
Occurrence: Cylindralithus asymmetricus occurs throughout the formation 
but is rare in the calcareous shale member and only slightly more common 
in the chalky member, reaching 2 percent of the total count in a few 
samples. 
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Genus EIFFELLITHUS Reinhardt 1964 
~ species: Zygolithus turriseiffeli Deflandre in Deflandre and Fert, 
1952, 
Diagnosis: Elliptical coccoliths with rim constructed of single cycle 
of imbricated elements; central area spanned by two intersecting cross 
bars, either symmetrically or slightly asymmetrically arranged with 
respect to major and minor axes of the ellipse; central process or stem 
may be present; central area partially or completely filled by inner 
cycle of large elements. 
Eiffellithus eximius (Stover 1966} Perch-Nielsen 1968 
Plate 12, Figure 9, Plate 17, Figures 13,14 
Clinorhabdus eximius Stover, 1966, p. 138, pl. 2, figs. 15a-c, 16a-b; 
pl. 8, fig. 15. 
Eiffellithus turriseiffeli (Deflandre 1954}, Gartner, 1968, p. 26, pl. 
16, fig. 2; pl. 17, figs. 3a-d; pl. 18, figs. 9, 10; pl. 19, 
figs. 1a-d, 2a-c; pl. 22, fig. 4; pl. 23, figs. 10, 11; pl. 24, 
figs. 2a-c. 
Eiffellithus eximius (Stover 1966}, Perch-Nielsen, 1968, p. 30, pl. 3, 
figs. 8-10; text-fig. 5d; Rattner and Wise, 1980, p. 62, pl. 
17, figs. 4-9; pl. 18, fig, 1; pl. 39, figs. 8-11. 
Eiffellithus augustus Bukry, 1969, p. 51-52, pl. 28, figs. 10, 11; pl. 
29, fig. 1. 
Diagnosis: Elliptical coccolith with narrow outer rim consisting of 
about 60 small imbricating elements, overlapping clockwise, each element 
characteristically squared-off, and inner rim of irregularly scalloped, 
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relatively large elements; central area spanned by four broad bars which 
extend outward from center and approximately parallel to transverse and 
longitudinal axes of the ellipse; each bar bifurcating near the contact 
with the outer rim. 
Known range: Turonian through Campanian. 
Occurrence: Eiffellithus eximius occurs throughout the formation but 
varies considerably in abundance. It is common (up to 9 percent) in 
floras of the upper part of unit A and common to abundant in the chalky 
member.where it exceeds 15 percent of the nannoflora in a number of 
samples from the upper half of that member. 
Eiffellithus turriseiffeli (Deflandre 1954) Reinhardt 1965 
Plate 12, Figure 6 
Zygolithus turriseiffeli Deflandre in Deflandre and Fert, 1954, p. 149, 
pl. 13, figs. 15, 16; text fig. 65. 
Eiffellithus turriseiffeli (Deflandre), Reinhardt, 1965, p. 32, 35; 
Gartner, 1968, p. 26, pl. 2, figs. 22, 23; pl. 3, figs. 13a-c; 
pl. 5, fig. 19; pl. 7, figs. 5a-c; Perch-Nielsen, 1968, p. 28, 
pl. 3, figs. 1-7; text-figs. 5b, 6; Bukry, 1969, p. 52, pl. 29, 
figs. 2-5; Forchheimer, 1972, pl. 15, fig. 5; pl. 16, fig. 1; 
Roth and Thierstein, 1972, pl. 4, figs. 1-6, 9; Smith, 1981, p. 
45-46, pl. 6, figs. 18-33. 
Diagnosis: Elliptical coccolith with relatively narrow outer rim 
consisting of tabular elements aligned parallel to the margin; broad 
central area crossed by relatively thin bars forming an X, its acute 
angles bisected by the transverse axis and its obtuse angles bisected by 
224 
the longitudinal axis; some cases central process or stem occurs at 
intersection of crossbars. 
Known range: Early Aptian through Maastrichtian. 
Occurrence: Eiffellithus turriseiffeli occurs throughout the formation 
but never exceeds two percent of the count in any one sample. 
Genus GARTNERAGO Bukry 1969 
~ species: Arkhangelskiella concava Gartner 1968 = {Discolithus 
segmentatus Stover 1966). 
Diagnosis: Large elliptical coccoliths composed of 4 to 5 closely 
appressed rim tiers; central area a single shield divided into quadrants 
by subaxial recessed sutures; single rows of perforations may be present 
and aligned adjacent to these sutures. 
· Gartnerago costatum (Gartner 1968} Bukry 1969 
Plate 13, Figures 1,2, Plate 17, Figure 15 
Not Arkhangelskiella obligua Stradner, 1963, p. 176, pl. 1, figs. 2-2a. 
Discolithus segmentatus Stover, 1966, p. 143-144, pl. 3, fig. 3-6; pl. 
8, fig. 19. 
Arkhangelskiella concava, Gartner, 1968, p. 37, pl. 14, figs. 2-3; pl. 
16, figs. 5-7; pl. 17, figs. 7a-d; pl. 18, figs. 22, 23; pl. 
19, figs. 6a-d; pl. 21, figs. 7a-c; pl. 22, figs. 13-15. 
Arkhangelskiella costata Gartner, 1968, p. 37-38, pl. 8, figs. 1-3; pl. 
11, figs. 1a-c; pl. 28, fig. 2. 
Gartnerago costatum costatum (Gartner), Bukry, 1969, p. 24, pl. 4, figs. 
7-9. 
Gartnerago concavum (Gartner}, Bukry, 1969, p. 24, pl. 4, figs. 2-6. 
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Gartnerago obliguus (Stradner), Manivit, 1971, p. 106-107, pl. 2, figs. 
9-12. 
Gartnerago costatum (Gartner), Forchheimer, 1972, p. 27-28, pl. 4, figs. 
2, 4; Hattner, Wind, and Wise, 1980, p. 23-24, pl. 5, figs. 
1-12; Smith, 1981, pl. 6, figs.· 34-42; pl. 7, figs. 1-14. 
Gartnerago obliguum (Stradner), Forchheimer, 1972, p. 28, pl. 4, figs. 
5,6; Thierstein, 1974, p. 640, pl. 5, figs. 3-9; pl. 6, fig. 2; 
pl. 7, figs. 1-5, 7-10; Thierstein, 1976, p. 352, pl. 1, figs. 
3, 4; Hattner and Wise, 1980, p. 63, pl. 18, figs. 2-9; pl. 19, 
fig. 1; pl. 40, figs. 1, 4. 
Gartnerago segmentatum (Stover), Thierstein, 1974, p. 640, pl. 5, figs. 
1, 2; pl. 6, figs. 1, 3-10; pl. 7, fig. 6; Smith, 1981, p. 
48-49, pl. 7, figs. 15-27. 
Diagnosis: Large, elliptical coccolith constructed of four shields 
progessively smaller proximally, with wide rim of three or more cycles; 
sutures along longitudinal and transverse axes divide broad central 
plate into quadrants, single row of perforations occur on either side of 
these sutures; each perforation bisected by bar parallel to the adjacent 
suture. 
Remarks: Some question exists as to whether Gartnerago costatum should 
be referred to as Q• obliguum based on Stradner's description {1963, p. 
176) of a similar species. However, Smith (1981, p. 47) contended that 
Stradner's figure is not consistent with the main features of G. 
costatum, particularly in regard to the arrangement of perforations in 
the central area. Nevertheless, numerous papers have referred to 
Gartnerago costatum under the name G. obliquum. 
226 
Thierstein (1976) suggested that G. obliguum (=Q. costatum) and£. 
segmentatum (Stover) are the same, insofar as the absence of 
perforations in the latter species was the result of overgrowths by 
secondary calcification. I concur, and have placed£. segmentatum in 
synonymy with£· costatum. 
~ range: Late Turonian through Maastrichtian. 
Occurrence: Gartnerago costatum is a common species throughout the 
formation, exceeding 10 percent of the count in a few samples. 
Genus KAMPTNERIUS Deflandre 1959 
~ species: Kamptnerius magnificus Deflandre 1959, 
Diagnosis: Large, elliptical coccoliths with rims of four tiers, one of 
which forms a distinctive flange giving members of genus an asymmetrical 
outline; central area consisting of broad perforate or imperforate 
plate. 
Kamptnerius magnificus Deflandre 1959 
Plate 13, Figures 3,4, Plate 17, Figure 16 
Kamptnerius magnificus Deflandre, 1959, p. 135, pl. 1, figs. 1-4; 
Gartner, 1968, p. 39-40, pl. 2, figs. 1, 2; pl. 3, figs. 7a-c; 
pl. 6, figs. 10a-c; pl. 10, figs. 11-13; pl. 12, figs. 9a-c; 
pl. 14, figs. 11, 12; pl. 15, figs. 15a-c; Thierstein, 1974, p. 
640-641, pl. 8, figs. 1-9; pl. 9, figs. 1-11; Thierstein, 1976, 
p. 351, pl. 1, figs. 1, 2; Verbeek, 1977, p. 77-78, pl. 3, 
figs. 4-5; Hattner and Wise, 1980, p. 63, pl. 19, figs. 4-9; 
pl. 20, figs. 1-4; Smith, 1981, p. 49-51, pl. 8, figs. 1-11. 
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Kamptnerius punctatus Stradner, 1963, p. 177, pl. 2, figs. 3-3a; Bukry, 
1969, p. 26, pl. 6, figs. 4, 5; Manivit, 1971, p. 108, pl. 14, 
figs. 8, 9; Forchheimer, 1972, p. 30-31, pl. 4, figs. 1, 3; pl. 
5, figs. 5, 6; Smith, 1981, p. 51-52, pl. 8, figs. 12-20. 
Kametnerius ~rtusus Forchheimer, 1972, p. 30, pl. 5, figs. 1-4. 
Kametnerius tabulatus Perch-Nielsen, Verbeek, 1977, p. 78, pl. 3, figs. 
6, 7. 
Diagnosis: Large elliptical to asymmetrical coccolith with broad 
central area with no perforations or, more commonly, small perforations; 
exterior to the outer rim bears a flange flaring outward and distally, 
flange asymmetric and consisting of numerous elongate and 
counterclockwise-inclined elements; proximal side has two shields; outer 
rim of each shield consisting of numerous, small elements; inner rim 
cycle of proximal shield consisting of counterclockwise-inclined 
elements; separation of the central area from the rim area is poorly 
defined; central plate bears a few to numerous evenly distributed small 
perforations; distal side convexly-curved surface of the central plate 
rough and irregular. 
Remarks: In most previous studies two species of Kamptnerius, !· 
punctatus and!· magnificus, were recognized and differentiated on the 
presence or absence of perforations, respectively, in the central plate. 
Thierstein (1974, 1976) suggested that the difference was due to whether 
or not secondary calcite had filled the perforations during diagenesis. 
His suggestion that tpe two species be made synonymous is adopted in 
this study. 
Known range: Late Turonian through Maastrichtian. 
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Occurrence: Kamptnerius magnificus occurs sporadically throughout the 
formation with no discernable stratigraphic pattern. It constitutes up 
to 9 percent of the nannoflora in some samples. 
Genus LITHASTRINUS Stradner 1962 
~ species: Lithastrinus grilli Stradner 1962. 
Diagnosis: Short cylinders flaring at both ends into a stellate, 
pronged outline, with 6 to 9 rays at each end. 
Lithastrinus grilli Stradner 1962 
Plate 14, Figures 1,2, Plate 17, Figure 17 
Lithastrinus grilli Stradner, 1962, p. 369-370, pl. 2, figs. 1-5 
Gartner, 1968, p. 47, pl, 18, figs. 1, 2; pl. 20, fig. 17; pl. 
21, figs. 1a-d, 11a-c; pl. 22, fig. 26; pl. 25, figs. 10, 11; 
Bukry, 1969, p. 43, pl. 21, figs. 3-6; Verbeek, 1977, p. 112, 
pl. 10, fig. 9; Rattner and Wise, p. 64, pl. 20, figs. 5-7; pl. 
40, figs. 5-8; Smith, 1981, p. 54-55, pl. 9, figs. 11-16. 
Diagnosis: Small cylinder·flared out at both ends into stellate, six-
pronged structures (occasionally 7-prongs observed}. 
Remarks: Specimens of Lithastrinus grilli exhibit well-developed, 
equidistant, elongate, ray elements in contrast with some examples in 
the literature that exhibit a more irregular outline. Under light 
microscopy it appears as a six pointed entity, the rays twisting 
clockwise when focussed above the plane of occurrence. 
Known range: Early Turonian through Early Campanian. 
Occurrence: Lithastrinus grilli occurs throughout the formation but is 
most common in the lower part of unit D of the chalky member where it 
accounts for 5 percent or more of the nannoflora in a number of samples. 
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Genus LITHRAPHIDITES Deflandre 1963 
~ species: Lithraphidites carniolensis Deflandre 1963. 
Diagnosis: Elongate rods consisting of four perpendicular keels, 
cruciform in cross section. 
Lithraphidites carniolensis Deflandre 1963 
Plate 13, Figures 5,7 
Lithraphidites carniolensis Deflandre, 1963, p. 3486, figs. 1-8 Verbeek, 
1977, p. 99, pl. 8, fig. 4; Hattner and Wise, 1980, p. 64, pl. 
21, figs. 2-4; Smith, 1981, p. 55-56, pl. 9, figs. 17-36. 
Diagnosis: Elongate, rod-like forms of four elements meeting lengthwise 
to form a plus-like shape in cross section; rods tapered at both ends. 
Known range: Late Tithonian through Late Maastrichtian. 
Occurrence: Lithraphidites carniolensis is among those species that 
apparently are abundant within the rock but have been removed 
selectively as a consequence of the processing procedures. Few 
specimens have been observed under light microscopy in strew slides but 
observations within the rock under the SEM have revealed concentrated 
clusters of Lithraphidites carniolensis. 
Genus LOXOLITHUS Noel 1965 
~ species: Cyclolithus armilla Black in Black and Barnes, 1959. 
Diagnosis: Simple elliptical rings consisting of single cycles of 
numerous, imbricated elements. 
Loxolithus armilla (Black and Barnes 1959) Noel 1965 
Plate 14, Figure 3, Plate 17, Figure 18 




Loxolithus armilla (Black and Barnes) Noel, 1965, p. 67, fig. 3 Manivit, 
1971, p. 77, pl. 17, figs. 7-10; Forchheimer, 1972, p. 59, pl. 
18, figs. 5, 6; Rattner and Wise, 1980, p. 64, pl. 25, fig. 5. 
Diagnosis: Simple, elliptical ring, a single cycle of imbricated 
elements, with an open center. 
Remarks: Based on observations under the SEM there seems to be 
considerable variation within the species. Because of its simplicity 
and absence of distinguishing features, it may serve as a catch-all 
species for a variety of single-cycle nannofossils that lack any central 
area structures. 
Known range: Aptian through Maastrichtian. 
Occurrence: Loxolithus armilla occurs commonly throughout the formation, 
in some cases exceeding 5 percent of the total counted nannoflora. 
Genus MANIVITELLA Thierstein 1971 
~ species: Cricolithus pemmatoideus Deflrandre ex Manivit 1965. 
Diagnosis: Elliptical coccoliths of two closely appressed shields; 
distal shield consisting of single cycle of non-imbricate elements and 
proximal shield consisting of one or two cycles of imbricated elements; 
central area wide and open. 
Manivitella pemmatoidea (Manivit 1965) Thierstein 1971 
Plate 14, Figure 4 
· Cricolithus pemmatoideus Deflandre in Manivit, 1965, p. 192, pl. 2, 
figs. 8a-b. 
Apertapetra gronosa (Stover), Bukry, 1969, p. 26, pl. 6, figs. 6-9. 
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Manivitella pemmatoidea (Manivit) Thierstein, 1971, p. 480, pl. 5, figs. 
1-3; Verbeek, 1977, p. 83, pl. 4, fig. 4; Smith, 1981, p. 
58-59, pl. 10, figs. 1-12. 
Manivitella sp. cf.~. pemmatoidea (Manivit), Hattner and Wise, 1980, p. 
65, pl. 25, fig. 6. 
Diagnosis: Large, elliptical coccolith with large open central area; 
consists of two shields closely appressed, proximal shield consisting of 
two cycles, an outer cycle of about 35 inclined, imbricated elements, 
and an inner cycle of smaller, tabular elements. 
Known range: Berriasian through Maastrichtian. 
Occurrence: Manivitella pemmatoidea occurs as a rare component 
throughout the formation, seldom exceeding one percent of any single 
nannofossil count. 
Genus MARTHASTERITES Deflandre 1959 
~ species: Discoaster(?) furcatus Deflandre 1954. 
Diagnosis: Triradiate asteroliths, the three arms of equal length and 
on same plane, angles between arms about 120 degrees; ends of the arms 
blunt or with bifurcating extensions. 
Marthasterites furcatus (Deflandre 1954) Deflandre 1959 
Plate 14, Figure 5, Plate 17, Figure 19 
Discoaster? furcatus Deflandre in Deflandr.e and Fert, 1954, p. 168, pl. 
13, fig. 14. 
Marthasterites furcatus (Deflandre) Deflandre, 1959, p. 139, pl. 2, 
figs. 3-12; pl. 3, figs. 1, 5; Verbeek, 1977, p. 118, pl. 11, 
figs. 8, 9; Hattner and Wise, 1980, p. 65, pl. 25, figs. 7-9; 
pl. 41, figs. 4, 5; Smith, 1981, p. 61-62, pl. 11, figs. 4-15. 
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Diagnosis: Three-pronged or triradiate nannofossil with medium to short 
arms terminating in bifurcating extensions that may bear additional 
structural elaborations; short, sinistral extension at the end of arm 
projects below plane of radiating arms, short dextral extension projects 
above this plane. 
Remarks: Marthasterites furcatus is a biostratigraphically critical 
species and is easily recognized under light microscopy. There is 
considerable variation within the species in regard to the length of the 
arms and the degree of elaboration of the end of each arm, and this 
latter variation may be related the degree of alteration after 
deposition either through dissolution or overgrowth. Roth {1973, p.728) 
considered the subspecies Marthasterites furcatus crassus as "an 
overgrowth stage of the typical form." 
Known range:SConiacian through earliest Campanian. Previous studies 
differ in regard to the younger limit of the range of this species. 
Occurrence: Marthasterites furcatus occurs throughout the formation. It 
is common in many samples of the calcareous shale member, exceeding 13 
percent of the count in one sample. It is uncommon in the chalky 
member, seldom exceeding 2 percent in any one sample. 
Genus MICRORHABDULUS Deflandre 1959 
~ species: Microrhabdulus decoratus Deflandre 1959. 
Diagnosis: Rods, either pointed or bluntly terminated at each end, 
circular in transverse section, constructed of aligned or complexly 
oriented calcite prisms. 
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Microrhabdulus belgicus Hay and Towe 1963 
Plate 13, Figure 6 
Microrhabdulus belgicus Hay and Towe, 1963, p. 95, pl. 1; Verbeek, 1977, 
p. 100, pl. 8, fig. 6; Hattner and Wise, 1980, p. 65, pl. 26, 
figs. 1-3; Smith, 1981, p. 63, pl. 11, figs. 25-31; pl. 12, 
figs. 1-9. 
Diagnosis: Elongate rod, tapered at both ends, circular in cross 
section, with numerous, small, raised, rhombohedral nodes arranged in a 
series of approximately ten, evenly-spaced rings around the rod. 
~ range: Turonian through middle Maastrichtian. 
Occurrence: Microrhabdulus belgicus is a rare species in the samples 
studied. 
Genus MICULA Vekshina 1959 
~ species: Micula decussata Vekshina 1959, 
Diagnosis: Basically cubic nannoliths consisting of one or two layers 
of four calcite elements in each layer; calcite elements may be of equal 
size in both layers or one layer may consist of smaller elements. 
Remarks: There remain great differences of opinion regarding the 
validity of this genus and its species' designations. Apart from 
considerable morphologic variation within a species, post-depositional 
dissolution or calcite overgrowths further complicate the matter. 
Micula staurophora (Gardet 1955) Stradner 1963 
Plate 14, Figures 6-11, Plate 17, Figures 20-22 
Discoaster staurophorus Gardet, 1955, p. 534, pl. 10, fig. 96. 
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Tetralithus pyramidus Gardet, 1955, p. 521, pl. 7, fig. 66; Stradner, 
1963, p. 181, pl. 6, fig. 3; not pl. 6, fig. li; Smith, 1981, p. 
73-75, pl. 13, figs. 35-50 (See for additional citations). 
Micula decussata Vekshina, 1959, pl. 1, fig. 6; pl. 2, fig. 11; Gartner, 
1968, p. li7, pl. 2, figs. 5-8; pl. li, fig. 18; pl. 9, figs. 
18-20; pl. 1li, figs. 13, 1li; pl. 18, fig. 17; pl. 20, fig. 15; 
Verbeek, 1977, p. 119, pl. 11, fig. 12; Hattner and Wise, 1980, 
. p. 65, pl. 26, figs. 6-9. 
Tetralithus gothicus Deflandre, 1959, p. 138, pl. 3, fig. 25; Gartner, 
1968, p. li2, pl. 2li, fig. li; Manivit, 1971, p. 1li3-1lili, pl. 25,. 
figs. 18-21. 
Nannotetraster concavus Stradner in Martini and Stradner, 1960, p. 269, 
figs. 18a-d. 
Tetralithus guadratus Stradner, 1961, p. 86, fig. 92 Manivit, 1971, p. 
1li5, pl. 25, figs. 9, 10. 
Micula staurophora (Gardet) Stradner, 1963, p. 8, pl. 4, fig. 12; Perch-
Nielsen, 1968, p. 86, pl. 31, figs. 1-5; Manivit, 1971, p. 
1li1-1li2, pl. 17, figs. 11-15; Forchheimer, 1972, p. 55, pl. 24, 
figs. 5, 6; pl. 25, figs. 2, 6; Thierstein, 1974, p. 641, pl. 
12, figs. 1-11; Roth and Bowdler, 1979, p. 273-275, pl. 1, 
figs. 1, 2; pl. 2, figs. 1-5, 9, 12; Stradner and Steinmetz, 
1984, pl. 32, figs. 1-3. 
Micula decussata decussata Vekshina, Bukry, 1969, p. 67, pl. liO, figs. 
5, 6; Wise, 1983, pl. 13, figs. 1, 2. 
Micula decussata concava (Stradner), Bukry, 1969, p. 67, pl. 40, figs. 
7, 8. 
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Rhomboaster cuspls Bramlette and Sullivan, Manivit, 1971, p. 142, pl. 
23, figs. 8-9. 
Micula cubiformis Forchheimer, 1972, p. 54-55, pl. 25, figs. 1, 3-5. 
Micula concava (Stradner) Verbeek, 1976b, p. 147, pl. 2, fig. 3; 
Verbeek, 1977, p. 119, pl. 11, fig. 11; Roth and Bowdler, 1979, 
p. 275, pl. 1, figs. 3-5; pl. 2, figs. 10-11. 
Quadrum gartneri Prins and Perch-Nielsen in Manivlt, et alia, 1977, p. 
177-178, pl. 1, figs. 9, 10. 
Quadrum gothicus (Deflandre) Prins and Perch-Nielsen in Manivit, et 
alia, 1977, p. 178. 
Quadrum nitidum (Martini) Prins and Perch-Nielsen in Manivit, et alia, 
1977, p. 178. 
Uniplanarius gothicus (Deflandre) Hattner and Wise, 1980, p. 68, pl. 32, 
fig·. 4; pl. 42, figs. 4, 5. 
Diagnosis: Basically a cube with indented concave sides; corners of 
each cube form processes that extend outward to varying degrees, from 
only slightly protruding to very long extensions; ranges in morphology 
from simple cube to stellate form with eight prongs. 
Remarks: Plate 4, figures 6-11 show the range of variation here included 
under Micula staurophora. Whether this variation is due to original 
morphologic variation, dissolution, secondary calcite overgrowths, or a 
combination of these factors is not clear. 
I have included in the synonomy the species Rhomboaster cuspis 
Bramlette and Sullivan as presented by Manivit (1971). It is present as 
a large nannolith which appears under light microscopy as two sets of 
three-pronged entities superimposed on top of each other with a 60 
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degree shift of position. Plate 4, Figures 10 and 11, and Plate 17, 
Figures 21 and 22, are examples of this form of Micula staurophora and 
represent one end member within the variation of the species. I have 
listed this distinctive variation separately in counts of nannofossil 
strew samples. It is most common, exceeding 6 percent in some cases, 
where more typical specimens of M. staurophora are abundant. 
~ range: Middle Turonian through Maastrichtian. 
Occurrence: Micula staurophora is common to abundant in almost all 
samples counted. It exceeds 15 percent of the nannoflora in many 
samples in the calcareous shale member as well as in samples from the 
central and upper parts of the chalky member. Highest percentages occur 
in unit B, where it exceeds 60 percent in some cases. Such high 
percentages are probably related to the loss of other species through 
post-depositional dissolution. 
Genus PARHABDOLITHUS Deflandre 1952 
~ species: Parhabdolithus liasicus Deflandre 1952. 
Diagnosis: Elliptical coccoliths with rim composed of imbricate 
elements; central area composed of irregularly shaped polygonal 
elements; bears relatively large, thin-walled, hollow stem. 
Parhabdolithus angustus (Stradner 1963) 
Stradner, Adamiker, and Maresch 1968 
Rhabdolithus angustus Stradner, 1963, p. 178, pl. 5, figs. 6-6a. 
Rhagodiscus angustus (Stradner), Verbeek, 1977, p. 93, pl. 6, fig. 6; 
Rattner and Wise, 1980, p. 66, pl. 29, fig. 9,; pl. 30, fig. 1. 
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Parhabdolithus angustus (Stradner), Stradner, Adamiker, and Maresch, 
1968, p. 32, pl. 20, figs. 1-5; Smith, 1981, p. 65, pl. 12, 
figs. 22-26. 
Diagnosis: Elongate placolith with parallel sides and rounded ends, 
with smooth central area bearing large hollow stem. 
Known range: Late Aptian through Late Maastrichtian. 
Occurrence: Parhabdolithus angustus has been observed in only a few 
cases both under the SEM and the LM. 
Genus PREDISCOSPHAERA Vekshina 1959 
~ species: Prediscosphaera decorata Vekshina 1959. 
Diagnosis: Elliptical or circular rhabdoliths consisting of disk 
constructed of two cycles, usually 16 elements each, proximal cycle 
slightly smaller than distal cycle, with open central area spanned by 
two crossbars that support complexly constructed stem, square in 
section, consisting of a number of lath-like elements. 
Prediscosphaera cretacea (Arkhangelsky 1912) Gartner 1968 
Plate 15, Figures 1,2, plate 17, Figure 23 
Coccolithophora cretacea Arkhangelsky, 1912, p. 410, pl. 6, figs. 12, 
(?) 13. 
Rhabdolithus intercisus Deflandre in Deflandre and Fert, 1954, p. 159, 
pl. 13, figs. 12-13; text-figs. 91-92. 
Deflandrius cantabrigensis Black 1967, Forchheimer, 1972, p. 42-44, pl. 
7, figs. 1-6, 
Prediscosphaera cretacea (Arkhangelsky) Gartner, 1968, p. 19-20, pl. 2, 
figs. 10-14; pl. 3, figs. 8a-c; pl. 4, figs. 19-24; pl. 6, 
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figs. 14a-c, 15a-c; pl. 9, figs. 1-4; pl. 12, figs. 1a-c; pl. 
14, figs. 20-22; pl. 18, fig. 8; pl. 22, figs. 1-3; pl, 23, 
figs. 4-6; pl. 25, figs 12-14; pl. 26, figs. 2a-c; Verbeek, 
1977, p. 108, pl. 10, fig. 1, 2; Rattner and Wise, 1980, p. 66, 
pl. 28, figs. 4-9; pl. 29, figs. 1-3; Smith, p. 67-69, pl. 13, 
fig. 7, 
Prediscosphaera cretacea cretacea (Arkhangelsky) Gartner, Bukry, 1969, 
p. 38, pl. 16, fig, 12; pl. 17, figs. 1-6. 
Prediscosphaera cretacea ponticula Bukry, 1969, p. 39, pl. 17, figs. 
10-12. 
Diagnosis: Circular to nearly circular coccolith consisting of two 
shields, outer rim of each made of 16 large, non-imbricating, tabular 
elements; on distal shield inner rim of 16 smaller elements; open 
central area spanned by four bars that support large central process; 
elements of bars and central process are angular and squared off, 
elaborate, angular, mace-like structure occuring at terminal end of 
central process. 
Remarks: Under the light microscope the wide outer rim made of 16 large 
elements and the narrow inner rim are clearly visible. The central 
area, usually spanned by four elements and a central process, may, in 
some cases, be open, the central structures removed by diagensis or 
sample processing. 
Known range: Albian through Maastrichtian. 
Occurrence: Prediscosphaera cretacea is abundant to very common in the 
chalky member and the upper part of unit A of the calcareous shale 
member. It is present in fewer numbers in the lower part of unit A and 
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in unit B. The scarcity of Prediscosphaera cretacea there may be due to 
post-depositional dissolution, to which this species is particularly 
susceptible (Thierstein, 1980). 
Prediscosphaera spinosa (Bramlette and Martini 1964) 
Gartner 1968 
Plate 15, Figure 3 
Deflandrius spinosus Bramlette and Martini, 1964, p. 301, pl. 2, figs. 
17-20; Forchheimer, 1972, p. 44-45, pl. 6, figs. 1, 2, 4, 6, 7; 
Perch-Nielsen, p. 65-66, pl. 14, figs. 3-8; pl. 16, figs. 8-10; 
text-fig. 28b. 
Prediscosphaera spinosa Gartner, 1968, p. 20-21, pl. 2, 15, 16; pl. 3, 
figs. 9a-b, 10a-b; pl. 5, figs. 7-9; Verbeek, 1977, p. 109; 
Hattner and Wise, 1980, p. 66, pl. 29, figs. 3-6; Smith, 1981, 
p. 69-70, pl. 13, figs. 8-15. 
Diagnosis: Elliptical coccolith consisting of wide outer rim cycle of 
16 elements and narrow inner rim cycle of 16 elements around open 
central area spanned by four bars that meet at center and support 
central process; bars oriented parallel to transverse and longitudinal 
axes of ellipse. 
Remarks: Prediscosphaera spinosa is generally similar to P. cretacea but 
elliptical rather than circular. 
Known range: Middle Albian through Maastrichtian. 
Occurrence: Prediscosphaera Spinosa occurs in small numbers throughout 
the formation, seldom exceeding one percent of the total nannoflora in 
any one sample. 
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Genus SCAPHOLITHUS Deflandre 1954 
~ species: Scapholithus fossilus Deflandre in Deflandre and Fert 
1954. 
Diagnosis: Small, rhombic nannoliths with numerous cross bars that 
extend across central area. 
Scapholithus fossilus Deflandre 1954 
Plate 15, Figure 4 
Scaptlolithus fossilus Deflandre, 1954, p. 51, pl. 8, figs. 12, 16, 17; 
Gartner, 1968, p. 122, pl. 7, figs. 4a-c; Bukry, 1969, p. 64, 
pl. 38, figs. 5-8; Manivit, 1971, p. 125, pl. 23, figs. 10-13; 
Rattner and Wise, 1980, p, 67, pl, 30, fig. 9. 
Diagnosis: Small, compressed, rhombic nannofossil; flat, smooth walls 
connected by numerous crossbars. 
Remarks: This very small nannofossil was not observed under the light 
microscope and was seen only by SEM observation within the rock. It is 
one of a number of small nannofossil species that are apparently 
selected out by the processing procedures. 
Known range: Albian through Pliocene. 
Occurrence: Scapholithus fossilus may be a common constituent of the 
Niobrara nannoflora but, because of its small size, was probably removed 
during processing, and, therefore, was not counted in strew sample 
nannoflora counts. 
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Genus SERIBISCUTUM Filewicz, Wind, and Wise 1977 
~ species: Seribiscutum bijugum Filewicz, Wind, and Wise 1977. 
Diagnosis: Elliptical coccoliths with two shields, each shield single 
cycle of non-imbricate to slightly imbricate elements surrounding 
central area practically closed by blocky elements and granules. 
Seribiscutum primitiva (Thierstein 1974) 
Filewicz, Wind, and Wise 1977 
Plate 17, Figures 24,25 
Cribrosphaerella primitiva Thierstein, 1974, p. 637, pl. 1, figs. 1-13; 
Thierstein, 1976, p. 352, pl. 4, figs. 3-4. 
Seribiscutum primitiva (Thierstein) Filewicz, Wind, and Wise, 1977, p. 
311, pl. 66, figs. 4-6; pl. 67, figs. 1-4; 
Tremalithus cf. cretaceus (Deflandre) Noel, Forchheimer, 1968, p. 36, 
fig. 14. 
Biscutum sp. 1, Hattner and Wise, 1980, p. 58, pl. 4, fig. 4. 
Diagnosis: Elliptical coccolith with wide distal and somewhat smaller 
proximal shield, each shield consisting of 15 to 20 elements arranged 
radially; elements separated by straight sutures on proximal shield and 
angular, curved sutures on distal shield; inner rim single cycle of 
small elements that border central area; four distinct crystal plates 
fill central area; central area may be filled with number of irregular 
blocks. 
Remarks: Seribiscutum primitiva was observed only under light 
microscopy. The irregular, angular suture between the larger elements 
of the outer rim, the beaded, smaller elements of the inner rim, and the 
irregular, blocky appearance of the central area are characteristic. 
Known range: Albian through Santonian. 
- --------------===-
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Occurrence: Seribiscutum primitiva occurs in about one-third of the 
samples from the chalky member and is absent in the calcareous shale 
member. It makes up two percent or more of the count in two samples. 
Genus STEPHANOLITHION Deflandre 1939 
~ species: Stephanolithion bigoti Delfandre 1939. 
Diagnosis: Circular, elliptical or polygonal disks or short cylinders 
consisting of narrow rim of one or two cycles of elements and radial 
spines or processes that project outward from rim; large, open central 
area spanned by crossbars that intersect at center. 
Stephanolithion laffittei Noel 1957 
Plate 15, Figure 5, Plate 17, Figure 26 
Stephanolithion laffittei Noel, 1957, p. 318-319, pl. 2, fig. 5; (not 
pl. 2, fig. 6) Verbeek, 1977, p. 112-113; Hattner and Wise, 
1980, p. 67, pl. 31, figs. 1-6; Smith, 1981, p. 71-72, pl. 13, 
figs. 16-25. 
Diagnosis: Small disk with circular outline; short spines or 
protuberances extending outward from rim in an irregular pattern; 
central area with eight or more bars extending toward center in somewhat 
regular pattern. 
Remarks: The species may be among those that are underrepresented in 
counts made under the light microscope because of its small size. It 
has only been rarely observed, however, in rock samples under the SEM 
and may be, in fact, a relatively uncommon species throughout the 
formation. 
~ range: Early Turonian through Maastrichtian. 
• 
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Occurrence: Observed rarely under SEM and LM. Uncommon throughout the 
formation. 
Genus VAGALAPILLA Bukry 1969 
~ species: Vekshinella imbricata Gartner 1968 • 
Diagnosis: Elliptical coccoliths with rim composed of single cycle of 
imbricate elements; central area bears crossbars aligned along 
transverse and longitudinal axes of ellipse. 
Vagalapilla sp. 
Plate 15, Figure 6, Plate 17, Figure 27 
Diagnosis: Relatively small elliptical coccolith constructed of single 
cycle rim and open center bearing cross bars, in the for111c of cross, 
limbs of which aligned parallel to transverse and longitudinal axes of 
ellipse; each·cross bar bears a medial furrow. 
Remarks: Because of the limited numbers observed and inconclusive 
diagnostic characteristics and because the present status of the 
differentiation of this genus into species is still unresolved, I have 
chosen not to assign the specimens observed to any one species. 
Genus WATZNAUERIA Reinhardt 1964 
~ species: Tremalithus barnesae Black 1959, 
Diagnosis: Elliptical coccoliths consisting of two closely appressed 
shields; distal shield composed of two cycles of inclined elements; 
smaller proximal shield composed of single cycle of radial to near 
radial elements; central area small and open or closed. 
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Watznaueria barnesae (Black 1959) Perch-Nielsen 1968 
Plate 15, Figures 7, 8, 10, Plate 16, Figure 1, Plate 17, Figure 28 
Tremalithus barnesae Black in Black and Barnes, 1959, p. 325, pl. 9, 
fig. 1, 2. 
Watznaueria barnesae (Black) Perch-Nielsen, 1968, p. 69-70, pl. 22, 
figs. 1-7; pl. 23, figs. 1, 4, 5, 16; text-figs. 32, 33a-b; 
Verbeek, 1977, p. 85, pl. 4, fig. 6; Smith, 1981, p. 76-78, pl. 
14, figs. 14-35. 
Watznaueria barnesea (Black) (error for barnesae), Hattner and Wise, p. 
68, pl. 33, figs. 5-8. 
Diagnosis: Elliptical to subcircular placolith of two closely appressed 
shields; distal shield consisting of two broad rim cycles, outer cycle 
composed of numerous dextrally imbricated, counterclockwise-inclined 
elements; inner cycle composed of dextrally imbricated, slightly 
clockwise-inclined elements; proximal shield of single cycle of nearly 
radial elements, each element projecting outward in petal-like fashion; 
central area closed or reduced to small elliptical opening. 
Remarks: Under crossed Nicols Watznaueria barnesae exhibits an 
interference-extinction cross that is well-defined and clear in the 
center and becomes progressively wide and more diffuse toward the 
periphery. 
~ range: Oxfordian or Kimmeridgian through Maastrichtian. 
Occurrence: Abundant to very common in all samples. 
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Watznaueria barnesae variation A 
Plate 15, Figure 11, Plate 16, Figure 2 
Discussion: The specimens illustrated consist of an outer rim cycle of 
elements similar to those of Watznaueria barnesae, but lack the inner 
cycle of elements as seen on the distal side. Instead, the depressed, 
concave, inner portion of the single cycle possesses at the center a 
number of protuberances which, together, form a low central process. 
There appears to be no separated central area. Although the proximal 
side was not observed, the occurrence of this species in the form of a 
well-articulated coccosphere (Pl. 16, Fig. 2} suggests a double shield 
structure similar to that of Watznaueria barnesae. To my knowledge, no 
examples similar to this have been previously reported. It is not clear 
whether this is a variation of w. barnesae or a distinct species within 
the genus. I·have chosen to treat it as a variation within the species. 
Occurrence: Specimens of Watznaueria sp. A were observed only under the 
SE:M. The two occurrences were from samples in the middle of the lower, 
calcareous shale member. 
Genus ZYGODISCUS Bramlette and Sullivan 1961 
~ species: Zygodiscus adamas Bramlette and Sullivan 1961. 
Diagnosis: Elliptical coccoliths with one or more rim cycles of 
inclined and imbricating elements and central area having transverse 




Zygodiscus compactus Bukry 1969 
Plate 17, Figure 36 
Zygodiscus compactus Bukry, 1969, p. 59, pl. 34, figs. 1, 2 Forchheimer, 
1972, p. 66-67, pl. 26, figs. 1-4; Smith, 1981, p. 79-80, pl. 
15, figs. 15-34. 
Diagnosis: Elliptical coccolith, broad rim, narrow central area, 
compact shape, small size. 
!Q2!!!! range: Late Turonian through middle Campanian. 
Occurrence: Occurs in small numbers in the upper part of unit A of the 
calcareous shale member and throughout the chalky member, seldom 
exceeding one percent of any sample counted. 
Zygodiscus diplogrammus (Deflandre 1954) Gartner 1968 
Plate 16, Figures 3,4, Plate 17, Figures 31-34 
Zygolithus diplogrammus Deflandre in Deflandre and Fert, 1954, p. 148, 
pl. 10, fig. 7; text-fig. 57. 
Discolithus orionatus Reinhardt, 1966a, p. 42, pl. 23, figs. 22, 31-33. 
Tranolithus orionatus (Reinhardt) Reinhardt, 1966b, p. 522; Manivit, 
1971, p. 85-86, pl. 26, figs. 13-17; Verbeek, 1977, p. 94-95, 
pl. 7, figs. 2-4; Roth and Thierstein, 1972, pl. 10, figs. 
11-15; Wise, 1983, pl. 21, fig. 8; Stradner and Steinmetz, 
1984, pl. 45, fig. 1. 
Tranolithus exiguus Stover, 1966, p. 146, pl. 4, figs. 19-21a-c; pl. 9, 
figs. 3, 4; Forchheimer, 1972, p. 60-61, pl. 9, fig. 6; pl. 16, 
figs. 2, 4; pl. 17, figs. 1-4; Manivit, 1971, p. 85, pl. 26, 
figs. 10-12, 18; Roth and Thierstein, 1972, pl. 10, figs. 6-10. 
··~·· ~ 
Tranolithus gabalus Stover, 1966, p. 146, pl, 4, fig. 22; pl. 9, fig. 5; 
Roth and Thierstein, 1972, pl. 10, figs. 1-5, 
Tranolithus phacelosus Stover, 1966, p. 146-147, pl, 4, figs. 23-25; pl. 
9, fig. 6. 
Zygodiscus diplogrammus (Deflandre) Gartner, 1968, p. 32, pl. 14, fig. 
18; Smith, 1981, p. 80-81, pl. 15, figs. 35-53 (see additional 
citations); Verbeek, 1977, p. 97, pl. 7, fig. 8. 
Zygodiscus deflandrei Bukry, 1969, p. 59, pl. 34, figs. 3-5; Rattner and 
Wise, 1980, p. 69, pl. 34, figs. 4-7. 
Tranolithus skoglundi Forchheimer, 1972, p. 61-62, pl. 17, figs. 5, 6. 
Zygodiscus orionatus (Reinhardt) Smith, 1981, p. 83-84, pl. 16, figs. 
25-40. 
Diagnosis: Elliptical coccolith with rim, as seen in distal view, 
consisting of single cycle of dextrally imbricate elements 
counterclockwise-inclined along the outer periphery and becoming 
strongly clockwise-inclined along inner margin; each element squared-
off, tabular appearance in plane view; open central area spanned by 
double crossbar that may support large, hollow stem, may define open, 
diamond-shaped space, or may be partially or completely filled with 
four, large, rectangular blocks. 
Remarks: This species is best recognized, under SEM, by the rim cycle 
of imbricated single elements as seen in distal view. The broad double 
crossbar, with or without the central process, is the site of 
considerable morphologic variation; in particular, overgrowth of 
secondary calcite occurs to varying degrees. This variation has 




(1981, p.81) synonymized Tranolithus exiguus with Zygodiscus 
diplogrammus, He contended that the projecting triangular elements of 
!· exiguus were the broken peripheral ends of the broad double crossbar 
characteristic of~- diplogrammus. Thierstein (1976, p. 352) 
synonymized !· exiguus with!• orionatus, contending·that in the latter 
species the four blocky elements in the central area were the result of 
calcite overgrowths. Zygodiscus diplogrammus is the senior name among 
the species considered. 
~ range: The following are the ranges indicated for the species as 
they have been previously, and more narrowly, deflned: z. orionatus: 
Middle Albian through Late Maastrichtian and~- dlplogrammus: 
Kimmeridgian through Maastrichtian. 
Occurrence: Zygodiscus diplogrammus is common to abundant in most 
samples, but with distinctly fewer numbers in counts from samples in 
unit B. 
Zygodiscus theta (Black 1959) Bukry 1969 
Plate 16, Figures 5-7, Plate 17, Figures 29,30,35 
Discolithus theta Black in Black and Barnes, 1959, p. 327, pl. 12, fig. 
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Zygodiscus theta (Black) Bukry, 1969, p. 62, pl. 36, figs. 7, 8; Smith, 
1981, p. 84-85, pl. 16, figs. 41-45; Wind and Wise, 1983, pl. 
5, fig. 2. 
Zygodiscus erectus (Deflandre), Forchheimer, 1972, p. 67-68, pl. 26, 
figs. 5, 6. 
Diagnosis: Relatively large elliptical coccolith with narrow rim 
constructed of single cycle of imbricate elements and large, open, 
' " " 
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central area spanned by narrow crossbar creating two large semicircular 
openings on either side; crossbar bears medial furrow giving bar 
appearance of double row of elements; crossbar-may bear central process 
at its center. 
Remarks: Zygodiscus theta is characteristically large for this genus and 
the narrow rim and cross bar are distinctive. The fact that the 
crossbar is divided into two rows of elements, thus forming a double 
crossbar, instead of the single cross bar noted by Smith (1981, p. 85), 
does not detract from its overall characteristics. 
I have tentatively included specimens of a large Zygodiscus which 
possesses a conspicuous central process, as seen under light microscopy, 
as belonging to this species, although it is difficult to identify with 
certainty. 
Known range: Albian through Maastrichtian. 
Occurrence:~. theta occurs mainly in the chalky member where it exceeds 
seven percent in a few samples. It is present in unit A, but rare to 
absent in unit B of the calcareous shale member. 
Species A, new species 
Plate 12, Figure 8, Plate 17, Figures 37-40 
Diagnosis: Large elliptical coccolith with wide outer rim consisting of 
16 large elements, sutures between these elements inclined 
counterclockwise; central area broad, divided into eight sections with 
conspicuous central, longitudinal suture, each half of central area 
divided into four sections by somewhat-radiating sutures which extend to 
inner rim margin; the outer rim consists of three tiers, each tier 
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slightly smaller in proximal direction; outer margin of each rim element 
extends outward slightly giving coccolith petalloid appearance. 
Remarks: This species is unlike any previously reported nannofossils in 
the Upper Cretaceous and exhibits no close affinities to the established 
genera. The fact that it consists of three tiers is similar to 
Broinsonia and Cribrosphaerella. Its approximately sixteen large, non-
imbricate elements is similar to Prediscosphaera, but the filled-in 
central area and the presence of only a single rim cycle excludes it 
from that genus. 
Occurrence: Species A is restricted to the lower, calcareous shale 
member of the Niobrara Formation where it exceeds five percent of the 
total count in samples from the lower part of unit A. 
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Plate 11: Nannofossils of the Niobrara Formation, northeastern North 
Dakota. All figures are scanning electron micrographs at magnification 
5400X unless otherwise noted. 
Figure 1. Ahmuellerella octoradiata (Gorka 1957) Reinhardt 1966, view 
of distal surface, chalky member, Niobrara Formation, Core PR-2 at 
30 feet. (A2579.2) 
Figure 2. Arkhangelskiella specillata Vekshina 1959, view of distal 
surface, chalky member, Niobrara Formation, Core PR-2 at 30 feet. 
(A2579.2) 
Figure 3. Broinsonia furtiva Bukry 1969, view of proximal surface, 
chalky member, Niobrara Formation, Core PR-2 at 30 feet. (A2579.2) 
Figure 4. Broinsonia furtiva Bukry 1969, view of distal surface, chalky 
member, Niobrara Formation, Core PR-2 at 40 feet. (A2579.4) 
Figure 5. Broinsonia furtiva Bukry 1969, specimen on left in distal 
view, specimen on right in proximal view, chalky member, Niobrara 
Formation, Core PR-1 at 90 feet, in situ. (A2578.7} 
Figure 6. Biscutum constans (Gorka 1957} Black 1959, view of distal 
surface, calcareous shale member, Niobrara Formation, Core N-2 at 
147 feet. (A2577.20) 
Figure"7. Biscutum constans (Gorka 1957) Black 1959, view of proximal 
surface, calcareous shale member, Niobrara Formation, Core N-2 at 
87 feet. (A2577.11) 
Figure 8. Chiastozygus cuneatus Lyul'eva 1967, view of distal surface, 
calcareous shale member, Niobrara Formation, Core N-2 at 137 feet. 
(A2577. 18) 
Figure 9. Biscutum hattneri Wise 1983, chalky member, Niobrara 
Formation, Core PR-2 at 45 feet, in situ. (A2579.5) 
Figure 10. Chiastozygus plicatus Gartner 1968, view of distal surface, 




Plate 12: Nannofossils of the Niobrara Formation, northeastern North 
Dakota. All figures are scanning electron micrographs at magnification 
5400X unless otherwise noted. 
Figure 1. Corollithion exiguum Stradner 1961, view of distal surface, 
chalky member, Niobrara Formation, Core PR-1 at 115 feet. 
(A2578.12) 
Figure 2. Corollithion signum Stradner 1963, specimen in upper left in 
distal view, specimens right and below in proximal view, chalky 
member, Niobrara Formation, Core PR-1 at 90 feet, in situ. 
(A2578.7) - --
Figure 3. Corollithion rhombicum (Stradner and Adamiker 1966) Bukry 
1969, views of distal surfaces, chalky member, Niobrara Formation, 
Core PR-1 at 90 feet, in situ. (A2578.7) 
Figure 4. Cretarhabdus conicus Bramlette and Martini 1964, view of 
distal surface, chalky member, Niobrara Formation, Core PR-2 at 
60.9 feet. (A2579.8) 
Figure 5. Cylindralithus asymmetricus Bukry 1969, view of distal 
surface, chalky member, Niobrara Formation, Core N-2 at 87 feet. 
(A2577. 11) 
Figure 6, Eiffellithus turriseiffeli (Deflandre 1954) Reinhardt 1965, 
view of distal surface, chalky member, Niobrara Formation, Core 
PR-2 at 60.9 feet. (A2579.8) 
Figure 7. Cretarhabdus crenulatus Bramlette and Martini 1964, view of 
distal surface, calcareous shale member, Niobrara Formation, Core 
N-2 at 137 feet. (A2577 .18) 
Figure 8. Species A, calcareous shale member, Niobrara Formation, view 
of proximal surface. Core N-2 at 172 feet. (A2577.25) 
Figure 9. Eiffellithus eximius (Stover 1966) Perch-Nielsen 1968, view 
.of distal surface, calcareous shale member, Niobrara Formation, 
Core N-2 at 87 feet. (A2577.11) 
Figure 10. Cribrosphaerella ehrenbergii (Arkhangelsky 1912) Deflandre 
1952, distal view at left, proximal views of others present, chalky 
member, Niobrara Formation, Core PR-2 at 45 feet, in situ. 
(A2579.5) . - --
Figure 11. Cribrosphaerella ehrenbergii (Arkhangelsky 1912) Deflandre 
1952, view of proximal surface, calcareous shale member, Niobrara 
Formation, Core N-2 at 137 feet. (A2577.18) 
Figure 12. Cribrosphaerella ehrenbergii (Arkhangelsky 1912) Delfandre 
1952, view of distal surface, calcareous shale member, Niobrara 





Plate 13: Nannofossils of the Niobrara Formation, northeastern North 
Dakota. All figures are scanning electron micrographs at magnification 
5400X, unless otherwise noted. 
Figure 1. Gartnerago costatum (Gartner 1968) Bukry 1969, view of distai 
surface, chalky member, Niobrara Formation, Core PR-2 at 60.9 feet 
(A2579.8) . 
Figure 2. Gartnerago costatum (Gartner 1968) Bukry 1969, view of 
proximal surface, chalky member, Niobrara Formation, Core PR-2 at 
60.9 feet. (A2579.8) 
Figure 3. Kamptnerius magnificus Deflandre 1959, view of distal 
surface, chalky member, Niobrara Formation, Core N-2 at 87 feet. 
(A2577.11) 
Figure 4. Kamptnerius magnificus Deflandre 1959, view of proximal 
surface, chalky member, Niobrara Formation, Core PR-2 at 40 feet. 
(A2579.ll) 
Figure 5. Lithraphidites carniolensis Deflandre 1963, calcareous shale 
member, Niobrara Formation, Core N-2 at 137 feet. (A2577.18) 
Figure 6. Microrhabdulus belgicus Hay and Towe 1963, chalky member, 
Niobrara Formation, Core PR-2 at 30 feet. (A2579.2) 
Figure 7. Lithraphidites carniolensis Deflandre 1963, chalky member, 




Plate 14: Nannofossils of the Niobrara Formation, northeastern North 
Dakota. All figures are scanning electron micrographs at magnification 
5400X unless otherwise noted. 
Figure 1. Lithastrinus grilli Stradner 1962, plane view, calcareous 
shale member, Niobrara Formation, Core N-2 at 87 feet. (A2577.11) 
Figure 2. Lithastrinus grilli Stradner 1962, side view, chalky member, 
Niobrara Formation, Core PR-2 at 40 feet. (A2579.4) 
Figure 3. Loxolithus armilla (Black and Barnes 1959) Noel 1965, chalky 
member, Niobrara Formation, Core PR-2 at 60.9 feet. (A2579.8) 
Figure 4. Manivitella pemmatoidea (Manivit 1965) Thierstein 1971, view 
of proximal surface, calcareous shale member, Niobrara Formation, 
Core N-2 at 87 feet. (A2577.11) 
Figure 5. Marthasterites furcatus (Deflandre 1954) Deflandre 1959, 
chalky member, Niobrara Formation, Core PR-1 at 115 feet. 
(A2578.12) 
Figure 6. Micula staurophora (Gardet 1955) Stradner 1963, chalky 
member, Niobrara Formation, Core PR-2 at 60.9 feet. (A2579.8) 
Figure 7. Micula staurophora (Gardet 1955) Stradner 1963, calcareous 
shale member, Niobrara Formation, Core N-2 at 147 feet. (A2577.20) 
Figure 8. Micula staurophora (Gardet 1955) Stradner 1963, calcareous 
shale member, Niobrara Formation, Core N-2 at 172 feet. (A2577.25) 
Figure 9, Micula staurophora (Gardet 1955) Stradner 1963, calcareous 
shale member, Niobrara Formation, Core E-1 at 129 feet. (A2575.18) 
Figure 10. Micula staurophora (Gardet 1955) Stradner 1963, calcareous 
shale member, Niobrara Formation, Core N-2 at 137 feet. (A2577,18) 
Figure 11. Micula staurophora (Gardet 1955) Stradner 1963, chalky 
member, Niobrara Formation, Core PR-2 at 60.9 feet. (A2579.8) 
Plate 14 
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Plate 15: Nannofossils of the Niobrara Formation, northeastern North 
Dakota. All figures are scanning electron micrographs at a 
magnification of 5400X unless otherwise noted, 
Figure 1. Prediscosphaera cretacea (Arkhangelsky 1912) Gartner 1968, 
view of distal surface, chalky member, Niobrara Formation, Core 
PR-2 at 30 feet. (A2579.2) 
Figure 2. Prediscosphaera cretacea (Arkhangelsky 1912) Gartner 1968, 
chalky member, Niobrara Formation, Core PR-1 at 90 feet, in situ. 
(A2578, 7) - -
Figure 3, Prediscosphaera spinosa (Bramlette and Martini 1964) Gartner 
1968, view of distal surface, chalky member, Niobrara Formation, 
Core PR-2 at 30 feet. (A2579,2) 
Figure 4. Scapholithus fossilus Deflandre 1954, chalky member, Niobrara 
Formation, Core PR-1 at 90 feet, in situ. (A2578,7) 
Figure 5, Stephanolithion laffittei Noel 1957, view of proximal 
surface, chalky member, Niobrara Formation, PR-1 at 65 feet. 
(A2578.2) 
Figure 6. VagalaZilla sp., chalky member, Niobrara Formation, Core PR-1 
at 65 feet. A2578.2) . 
Figure·7, Watznaueria barnesae (Black 1959) Perch-Nielsen 1968, view of 
proximal surface, chalky member, Niobrara Formation, Core PR-2 at 
30 feet. (A2579.2) 
Figure 8. Watznaueria barnesae (Black 1959) Perch-Nielsen 1968, view of 
proximal surface, chalky member, Niobrara Formation, Core PR-2 at 
60,9 feet. (A2579,8) 
Figure 9, Bidiscus rotatorius Bukry 1969, coccosphere, chalky member, 
Niobrara Formation, Core PR-1 at 90 feet, in situ, 3600X 
magnification. (A2578,7) 
Figure 10. Watznaueria barnesae (Black 1959) Perch-Nielsen 1968, 
coccosphere, chalky member, Niobrara Formation, Core PR-2 at 30 
feet, in situ, 36oox magnification. {A2579,2) 
Figure 11. Watznaueria barnesae variation A, view of distal surface, 





Plate 16: Nannofossils of the Niobrara Formation, northeastern North 
Dakota. All figures are scanning electron micrographs at a 
magnification of 5400X unless otherwise noted. 
Figure 1. Watznaueria barnesae (Black 1959) Perch-Nielsen 1968, chalky 
member, Niobrara Formation, Core PR-2 at 45 feet, coccosphere in 
situ, broken away. (A2579.5) ~ 
Figure 2. Watznaueria barnesae variation A, coccosphere, calcareous 
shale member, Niobrara Formation, Core N-2 at 137 feet. (A2577.18) 
Figure 3. Zygodiscus diplogrammus (Deflandre 1954) Gartner 1968, view 
of distal surface, chalky member, Niobrara Formation, Core PR-1 at 
115 feet. (A2578.12) 
Figure 4. Zygodiscus diplogrammus (Deflandre 1954) Gartner 1968, view 
of distal surface, chalky member, Niobrara Formation, Core PR-2 at 
60.9 feet. (A2579.8) · 
Figure 5. Zygodiscus theta (Black 1959) Bukry 1969, side view, chalky 
member, Niobrara Formation, Core PR-2 at 60.9 feet. (A2579.8) 
Figure 6. Zygodiscus theta (Black 1959) Bukry 1969, view of distal 
surface, chalky member, Niobrara Formation, Core PR-1 at 65 feet. 
(A2578.2) 
Figure 7. Zygodiscus theta (Black 1959) Bukry 1969, view of distal 























Plate 17: Nannofossils of the Niobrara Formation, northeastern North 
Dakota. All figures are phase contrast light micrographs at 
magnification 1500X. 
Figure 1. Ahmuellerella octoradiatus, Core PR-1 at 65 feet, under 
crossed Nicols. (A2578.2) 
Figure 2. Arkhangelskiella speciallata, Core PR-1 at 65 feet. (A2578.2) 
Figure 3, Arkhangelskiella specillata, Core E-1 at 98 feet. (A2575,12) 
Figure 4. Biscutum constans, Core PR-1 at 70 feet. (A2578.3) 
Figure 5. Braarudosphaera bigelowi, Core N-2 at 157 feet. (A2577,22) 
Figure 6. Broinsonia furtiva, Core E-1 at 58 feet. (A2575,4) 
Figure 7, Broinsonia furtiva, Core PR-1 at 70 feet. (A2578,3) 















Chiastozygus plicatus, Core PR-1 at 65 feet. (A2578,2) 
Cretarhabdus conicus, Core E-1 at 58 feet. (A2575,4) 
Cribrosphaerella ehrenbergii, Core PR-1 at 65 feet. 
Cylindralithus asymmetricus, Core PR-1 at 70 feet. (A2578,3) 
Eiffellithus eximius, Core E-1 at 58 feet. (A2575,4) 
Eiffellithus eximius, under crossed Nicols, Core E-1 at 58 
(A2575,4) 
Gartnerago costatum, Core E-1 at 58 feet. (A2575,4) 
Kamptnerius magnificus, Core E-1 at 98 feet. (A2575,12) 
Lithastrinus grilli, Core E-1 at 58 feet. (A2575,4) 
Loxolithus armilla, Core E-1 at 98 feet. (A2575,12) 
Marthasterites furcatus, Core N-2 at 157 feet. (A2577,22) 
Micula staurophora, Core PR-1 at 65 feet. (A2578.2) 
Figure 21. Micula staurophora, "Rhomboaster cusy1s" form, focus at 
lower level, Core PR-2 at 55 feet. (A2579,7 
Figure 22, same as Fig. 21, focus at upper level. 
Figure 23. Prediscosphaera cretacea, Core E-1 at 58 feet. (A2575,q) 
{.i; 
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Figure 24. Seribiscutum primitiva, Core E-1 at 58. (A2575.4) 
Figure 25. Seribiscutum primitiva, Core PR-1 at 65 feet. (A2578.2) 
Figure 26. Stephanolithion laffittei, Core E-1 at 58 feet. (A2575.4) 
Figure 27. Vagalapilla sp., Core PR-1 at 65 feet. (A2578.2) 
Figure 28. Watznauria barnesae, Core E-1 at 58 feet. (A2575.4) 
Figure 29. Z~odiscus theta, with central process, focus on base, Core 
E-1 at 9 feet. (A2575.12) 
Figure 30. Same as Fig. 29, focus higher on the central process. 
Figure 31. Zygodiscus diplogrammus, Core E-1 at 58 feet. (A2575.4) 
Figure 32, Zygodiscus diplogrammus, Core PR-1 at 65 feet. (A2578.2) 
Figure 33. Zygodiscus diplogrammus, Core E-1 at 163 feet. (A2575.24) 
Figure 34. Zygodiscus diplogrammus, Core E-1 at 58 feet. (A2575.4) 
Figure 35. Zygodiscus theta, Core PR-1 at 70 feet. (A2578.3) 
Figure 36. Zygodiscus compactus, Core E-1 at 58 feet. (A2575.4) 
Figure 37. Species A, Core E-1 at 163 feet. (A2575.24) 
Figure 38. Species A, Core E-1 at 163 feet. (A2575.24) 
Figure 39. Species A, Core E-1 at 163 feet. (A2575.24) 















~ species: Lingula anatina Lamarck, 1801. 
Diagnosis: Rowell, (1965, p. H263) described this genus as "elongate, 
lateral margins gently convex to subparallel, ornament only of 
concentric gr_owth lines; shell thin, slightly thickened in areas of 
muscle attachment. Internally without septa, low median ridge in 
brachia! valve may be present extending from central scars to anterior 
lateral scars." 
Lingula sp. 
Plate 18, Figure 1 
Discussion: The species consists of shiny, light tan to brown, 
elliptical, phosphatic shells that are very small (up to 3.3 mm long, 
1.8 mm wide; one fragment has a measured width of 3.25 mm). In five 
complete specimens the length ranges from 2.1 to 2.8 mm, width 1.3 to 
1.8 mm, with an average width/length ratio of 0.63. 
Occurrence: Nearly all occurrences are from the calcareous shale 
member. It is observed commonly associated with fish-bone debris as a 
possible winnowed, lag concentrate of available, sand-sized, mainly 
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.phosphatic, material. Qnly rarely has it been observed in apparent 
living position, that is, with its long axis perpendicular to the 
bedding plane. 
Lingula has never before been reported from the Niobrara in the 
Western Interior. This may partly be due to its small size; but more 
likely this is related to its association almost exclusively with the 
lower, calcareous shale member, and the fact that this lithofacies is 
not present in outcrop farther south in the United States. 
Lingula has traditionally been interpreted as an indicator of 
extreme marine environments -- either marginally low-oxygen conditions 
or variable salinity. In the Upper Cretaceous Lingula may, in fact, 
serve as an indicator of more northern-influenced waters. Reiskind 
(1975) has recorded abundant, relatively small Lingula from the 
uppermost Bearpaw Shale of Montana and Saskatchewan, the distribution of 
which suggests northern-dominated waters. 
The occurrence of the phosphatic shells of Lingula also suggests a 
phosphatic-rich environment in which this otherwise rare species 
thrived. The co-occurrence of Lingula and fish-bone debris, however, 
suggests an environment in which phosphatic material was preserved but 
in which calcitic fossils may have been chemically removed. In either 
case, phosphatic-rich, rather than phosphatic-depleted, waters are 
indicated. This would be consistent with the idea, discussed elsewhere, 











~ species: Mytilus citrinus Roding 1798. 
Diagnosis: Mytiliform, beaks terminal or nearly so, radially 
sculptured, with bifurcating ribs, ligament relatively short, hinge with 
dysodont teeth anterior and posterior ligament. 
Brachidontes (Brachidontes) sp. 
Discussion: A somewhat crushed, partial mold of the exterior and some 
altered shell material of most of the right valve of a species of 
Brachidontes is present in core S-7 at a depth of 37.6 feet. The 
specimen exhibits both radial, non-bifurcating ribs as well as 
concentric growth lines, which are best developed in the umbonal area. 
The shell is without ornamentation in the vicinity of the hinge line. 
Dysodont teeth of the right and left valves are present but poorly 
preserved. The approximate length of the specimen is 9 mm with a hinge 









Plate 18, Figures 4-6 
As only fragments of inoceramid shells were collected, it was not 
possible to identify any of them to the genus or species level. In 
addition to shell fragments, inoceramid shell prisms are locally common 
in parts of the formation. 
Occurrence: Inoceramid specimens have been collected from outcrop and 
core. In core, inoceramids are restricted, almost exclusively, to the 
thoroughly bioturbated units, unit B of the calcareous shale member and 
unit C of the.chalky member. They are commonly associated with 
specimens of the attached oyster, Pseudoperna congesta. In outcrop, 
large pieces of inoceramid shell, probably of the large, flat species, 
Platyceramus platinus, with common to abundant, encrusting specimens of 
Pseudoperna congesta (Pl. 18, Fig. 5) were present from the slightly 
calcareous to non-calcareous shales of the upper part of the calcareous 
shale member. In one case, an apparently in-place specimen, probably of 
Platyceramus, was found with oysters encrusting both sides. 
In the benthic environment, inoceramid shells provided the rare 
hard substrate on a bottom dominated by the very soft muds of 
nannoplankton ooze. 








~ species: Ostrea congesta Conrad in Nicollet, 1843. 
Diagnosis: This monotypic genus was described (Stenzel, 1971, p. 
N1132-1133) as "small (to about 4 cm high and 3 cm long), outline highly 
irregular wherever neighboring individuals impinge on each other, 
otherwise tending to ovate and spatulate, with widest part of oval at 
about 0.25 to 0.3 of height above ventral margin. Attachment area very 
flat and large, leaving only about 1 cm of freely grown edges on LV of 
larger individuals, these free edges tending to grow up vertically from 
sustrate on anterior and posterior valve margins, but more obliquely at 
ventral margin of LV. Deep umbonal cavity in LV under thin hinge plate 
and very shallow resilifer groove. Free edges of LV lacking costae, 
erratically wavy, their growth squamae appressed. RV irregular but 
mostly free of costae and gently convex because of their smooth 
xenomorphic configuration. Chomata very small and numerous, slightly 
elongate at right angles to valve margin, missing in many because of 
abrasion." 
Pseudoperna congesta (Conrad 1843) 
Plate 18, Figures 2, 3, 5 
Ostrea congesta Conrad, iri Nicollet, 1843, p. 169 Logan, 1899, p. 90-91, 
pl. 20, figs. 1, 2, 6. 
Pseudo-perna attenuata Logan, 1899, p. 97, pl. 23, figs. 8, 9. 
Pseudo-perna orbicularis Logan, 1899, p. 97-98, pl. 23, figs. 10, 11. 
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Pseudo-perna torta Logan, 1899, p. 96, pl. 23, figs. 6, 7. 
Description: This species is small (maximum 4 cm high and 3 cm long), 
ovate to spatulate where laterally unrestricted, and irregular in 
outline where neighboring individuals impinge; with a large, flat 
attachment area with vertical to oblique free edges and commonly 
possessing numerous small chomata along the valve margins. 
Occurrence: Pseudoperna congesta occurs throughout the Niobrara 
Formation, in bioturbated and laminated units alike. 
Discussion: This species is the most common macrofossil in the 
Niobrara. Its occurrence in units Band C was apparently as individuals 
attached to the hard substrate provided by inoceramid shells. In these 
units it occurs associated with inoceramid shell prisms and whole 
shells. The largest oysters occur in these units, often as concentrated 
layers of oysters and inoceramids. In the non-bioturbated units, units 
A, D, and E, the species occurs as solitary individuals or clusters of 
small to medium specimens, usually not associated with inoceramid 
remains. The oyster may have been attached to floating debris. The 
abundance and widespread pattern of Pseudoperna congesta suggest that it 
was a very successful, tolerant, and opportunistic species, capable of 





~ species: Pecten lens Sowerby, 1818. 
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Diagnosis: Left valve more convex than right; smooth, or with 
divaricate striae, concentric lines or raised laminae; large byssal 
notch (Cox et al., 1969, p. 351). 
Camptonectes bonneri (Miller 1968) 
Pecten (Camptonectes) bonneri Miller, 1968, p. 36-37, pl. 2, figs. 
12-14; pl. 5, fig. 13. 
Diagnosis: Both valves nearly smooth, ornamented with fine, concentric 
growth lines; well defined byssal notch (Miller, 1968, p. 36). 
Description: Very thin, nearly transparent, shells, smooth on the 
inside and bearing fine, concentric growth lines on the exterior. The 
growth lines are more closely spaced on small specimens (11-13 lines per 
mm) and more widely spaced on larger specimens (about 3 lines per mm). 
On one specimen (UNO 4360.) a posterior auricle, which bears numerous 
very thin radiating striae, and an anterior auricle, adjacent to a 
distinct byssal notch, are present. 
Material: Only six specimens were observed in this study. Two nearly 
complete specimens consist, respectively, of the exterior of a right 
valve (UNO 4360.) and the interior of a right valve (UND 4361.). The 
other four specimens consist of fragments of valves or their molds in 
the rock. 
Measurements: 
Specimen Width(mm) Height(mm) Hinge Length(mm) 
· UNO 4360. (E-2.31.7) 4.6 4.5 3.1 
UNO 4361. (S-5.108) 3.0 2.9 1. 9 
UNO 4362. ( PR-1. 126. 7) c.19.0 




Discussion: With one exception, all the occurrences of Camptonectes 
bonneri are in unit D of the chalky member. This unit is the non-
bioturbated interval and therefore it is unlikely that this was a 
benthic epifaunal species. I concur with Miller (1968, p.36) who 
suggested that it "was probably planktonic, and lived attached to 
floating objects." Hattin (1982, p. 75} also suggested a planktic habit 
for the unidentified small pectinids he found in the Smoky Hill Member 








Two small specimens of Baculites were found in core in the upper 
part of the calcareous shale member. They have diameters of 5 mm and 11 
mm and are oval in cross section. They lack any additional diagnostic 
features, such as detailed sutures or ornamentation. McNeil and 
Caldwell (1981, p. 100) reported the occurrence of Baculites thomi (?} 
from "the upper half of the calcareous shale member" and these specimens 








!YE! species: Clioscaphites montanensis Cobban 1951 
Diagnosis: Closely coiled shell, with the dorsum of the adult living 
chamber entirely in contact with the septate coil and the suture with a 
trifid or asymmetrically bifid first lateral lobe (slightly modified 
from Cobban, 1951, p. 34). 
Clioscaphites cf.£· saxitonianus septentrionalis Birkelund 
Plate 18, Figures 7, 8 
Clioscaphites saxitonianus septentrionalis Birkelund, 1965, p. 132-135, 
pl. 45, -figs. 2-5; pl. 46, figs. 1-3; text-figs. 115, 116. 
Diagnosis: Birkelund (1965) listed, among the diagnostic characters of 
this subspecies, rather small size, surface with rather strong ribs, 
and, on the body chamber, 2-3 ventral ribs to each primary rib. 
Description: The specimens collected are relatively small (33-41 mm 
long) and, where visible, the body chamber is in contact with the 
septate coil, There are 2 to 3 secondary (or ventral) ribs to each 
primary rib on the body chamber. The primary ribs are more prominent on 
the first half of the body chamber. On the distal half of the body 
chamber primaries and secondaries are more similar in size and 
prominence and are therefore difficult to separate. The secondary ribs 
appear between the primaries but do not arise by bifurcating from the 
primaries. No sutures were preserved. 
"' 
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Occurrence: All the specimens came from a single narrow zone 
approximately 10 feet (3 m) above the base of the calcareous shale 
member from a section along the east bank of the Little North Pembina 
River (NE1/4SW1/4 sec. 18, T. 163 N., R. 57 w., Cavalier County), All 
specimens were compressed and were preserved as flattened impressions, 
with the original shell altered to a white, pulpy material. Twelve 
specimens were collected, some of which consisted of a positive and a 
negative mold of the exterior. 
Measurements: Of the 12 ·specimens collected, only six were preserved 
well enough to permit measurement. 
Ratio of ribs 
Specimen Length(mm) Height(mm) secondary/primary 
UNO 4365. ll 1 35 3 
UNO 4366. - 33 2 
UNO 4367. 40 
UNO 4368. 39+ 3 
UNO 4369. 35 25 
UNO 4370. 2-3 
Discussion: The small size and the occurrence of 2-3 secondary (or 
ventral) ribs for each primary rib as well as the dominant primary ribs 
on the early part of the body chamber corresponds well with the 
subspecies Clioscaphites saxitonianus septentrionalis as described by 
Birkelund (1965). The compressed preservation of these fossils and the 
absence of visible sutures, however, prevents a positive identification. 











This subspecies was previously reported from the same stratigraphic 
horizon in the Pembina Valley (McNeil and Caldwell, 1981, p. 100), and 
the specimens presented here would seem to confirm the correctness of 
that report. 
Birkelund (1965) indicated that this subspecies occurs in beds of 
early Santonian age. The fact that this subspecies occurs in West 
Greenland and the easternmost Western Interior of the United States 
strengthens the argument for a direct connection between these two sites 




Ichnogen_us CHONDRITES von Sternberg 1833 
~ Species: Chondrites lycopodioides von Sternberg, 1833. 
Diagnosis: Hantzschel (1975, W49-52) summarized the main 
characteristics of this genus as "plantlike dendritic patterns of small 
cylindrical ramifying tunnel systems; individual tunnels neither 
crossing each other nor interpenetrating ••• branching tunnels 
trending downward across bedding and then ••• mostly lying parallel to 
bedding planes; diameter of tunnels 0.5 to 5 mm, remaining constant 
within entire tunnel system • • • • " 
Chondrites sp. form A 
Plate 18, Figures 9, 10 
Description: This form is seen on bedding planes as clusters of small, 
circular to elliptical burrows, more rarely as elongate tubes. The 
burrows that appear elliptical and elongate are.actually circular 
burrows that lie other than perpendicular to the bedding plane. 
Chondrites sp, form A represents small burrows the average diameter of 
three representative occurrences is 0.69, 0.71 and 0.91 mm. Within an 
area of occurrence on a bedding plane the burrows appear to be evenly 
distributed. 
Occurrence: Chondrites sp. form A occurs conspicuously in unit B of the 




Chondrites sp. form B 
Plate 19, Figures 1, 2 
Description: Chondrites sp. form B occurs on bedding planes as clusters 
of very small, circular to elliptical burrows, with an average diameter 
of o.118 mm. 
Occurrence: Chondrites sp. form B occurs in the upper 6 to 10 cm of the 
slightly calcareous shales of unit B of the calcareous shale member. The 
burrows are conspicuous because they are filled with the very light gray 
chalks of the overlying unit C of the chalky member. This form may 
occur higher in unit C where recognition is difficult because of lack of 
contrasting sediment colors. Form B has not been observed lower down in 
unit B. 
Chondrites sp. form C 
Plate 19, Figures 3, II 
Description: Chondrites sp. form C occurs as frond-like, dendritic 
patterns of branching tubes aligned approximately parallel to bedding 
planes. All tubes in any one system are of equal diameter. Angles 
between branches are 30 degrees or less. The average diameter of 
burrows in three occurrences are 0.47 mm, 0.82 mm, and 0.91 mm. 
Occurrence: Chondrites form C was observed at three locations in units C 
and E of the chalky member. 
Discussion: Three forms of Chondrites sp. were observed. Variation in 
burrow diameter of the three forms of Chondrites sp. observed may 
indicate two species or variations in the size of one organism. The 
organism that formed the burrows is unknown. Simpson (1957) suggested 
it may have been a sipunculid worm with an extendible proboscis which 
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was used in probing the sediment in order to feed on organic material 
within the sediment. Apparently the organism burrowed into relatively 
firm substrate since there was little collapse of burrow walls. After 
being formed, the vacated burrows were passively filled by sediment from 
the surface. This is clearly the case in the burrows observed here since 
they have retained their shape and, in the case of form B, have been 
filled with the chalk from the overlying unit. 
Bromley and Ekdale (1984) have concluded, on the basis of numerous, 
widespread, occurrences of Chondrites from the Phanerozoic, that the 
species that formed this ichnogenus was tolerant of nearly anaerobic 
conditions within the sediment or beneath waters with very low oxygen 
content. Among the infaunal burrowers it appears to have been the most 
tolerant to low oxygen conditions and consequently represented the last, 
and deepest, burrower in a bioturbation sequence. 
Ichnogenus PLANOLITES Nicholson 1873 
~ species: Planolites vulgaris Nicholson and Hinde, 1875 = 
Palaeophycus beverleyensis Billings, 1862. 
Diagnosis: Unlined, rarely branched, straight to sinuous, smooth to 
irregularly walled; circular to elliptical in cross section, of variable 
dimensions and configurations; infilling essentially structureless, 
differing in lithology from the host rock. (Adapted from Pemberton and 
Frey, 1982, p. 865) 
Planolites montanus Richter 1937 
Plate 19, Figures 7, 8 
Planolites montanus Richter, 1937, p. 151, text-figs. 1-5; Pemberton and 
Frey, 1982, p. 869-870, pl. 2, figs. 4, 7; pl. 3, fig. 9 (see 
for additional synonymies). 
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Diagnosis: Pemberton and Frey (1982, p. 870) described this species as 
"relatively small, curved to contorted • , • sinuous, undulose, and 
meandrous small burrows exhibiting no obvious pattern other than a 
general tendency toward horizontal development. 
more or less constant." 
Burrow diameters. 
Description: The species in this study occurs as pyritized single 
. . 
burrows, sinuous to nearly straight, oriented mainly horizontally with a 
few steeply inclined and vertical burrows. Burrows range from 0,5 to 
2.0 mm in diameter, averaging 1 mm in diameter, smooth-walled, and 
elliptical in cross section. In most cases individual burrows 
approximately retain the same diameter throughout. Some widening or 
swelling of burrows was observed in a few cases, usually associated with 
change in direction of the burrow. Some burrows exhibit oxidizing of 
pyrite to iron oxides giving the burrow a rind of iron oxides. Some 
small, non-pyritized burrows may also belong to this species. 
Occurrence: Planolites montanus occurs in units Band C and, rarely, in 
E. It is conspicuous and little compressed in unit C. In unit Bit 
shows much greater compression and in some cases it is completely 
flattened. 
Discussion: Of the three species recognized by Pemberton and Frey 
(1982) for the genus Planolites, the specimens observed in the Niobrara 
in this study best fit Planolites montanus, although the specimens they 
illustrated seem to show clusters of bifurcating burrows rather than the 
solitary burrows they described in their text and identified here. 
The ichnogenus Planolltes, characterized by an internal lithology 
different from the surrounding sediment, is the only one, of the five 
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types of burrows associated with fecal matter recognized by Pemberton 
and Frey (1982), whose burrows are internally structureless. The fact 
·that most of the burrows of Planolites montanus recognized here are 
pyritized is probably also related to their fecal origin; pyritization 
related to chemical reactions associated with in-sediment anaerobic 
conditions. 
Among the few papers that specifically refer to pyritized trace 
fossils, Schloz (1968, p. 692) recognized a pyritized, unbranched, full-
form burrow that lay horizontally in the sediment (illustrated 
schematically in his figure 1) and which he called "Pyritisierte 
Einzelgange." It differs from the species presented here, however, in 
being larger, 3 to 4 mm diameter compared to the 1.3 mm average diameter 
seen here. 
Ichnogenus TRICHICHNUS Frey 1970 
~ species: Trichichnus linearis Frey, 1970. 
Diagnosis: "Branched or unbranched, hairlike, cylindrical to sinuous 
burrows distinctly less than 1.0 mm in diameter, oriented at various 
angles with respect to bedding. Burrow walls more or less distinct, 
commonly lined with diagenetic minerals" (Frey, 1970, p. 20). 
?Trichichnus sp. 
Plate 19, Figure 6 
Description: This form occurs as very thin (average 0.2 mm in 
diameter), straight, pyritized burrows, seldom exceeding 10 mm in 
length. It occurs on bedding planes in clusters which, in a number of 
cases, give the appearance of bifurcating (Y-shaped) burrows. 
Occurrence: ?Trichichnus sp. occurs in units Band C. ,, 
ii 
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Discussion: The trace fossils described share with Trichichnus the 
characteristics of being hairlike, branched and lined with diagenetic 
minerals, Frey (1970, p. 20) assigned one species from the Niobrara,!• 
linearis, to this genus and the specimens here share general size 
characteristics with it. !• linearis, however, is predominantly a 
vertical burrow whereas the species here has been observed only on 
horizontal surfaces. Also, the specimens here are larger in diameter 
than Frey's species. I am, therefore, refering the species at hand 
questionably to Trichichnus. 
Hattin (1971, p. 422) recognized Trichichnus in the Hartland Member 
of the Greenhorn Formation where he described it as "cyclindrical, non-
branched, slightly sinuous, threadlike, without obvious orientation 
pattern, usually stained by limonite in weathered rock, less than 1 mm 
in diameter."· 
pellet-filled burrows 
Plate 19, Figures 9-11 
Description: As seen on bedding planes in core, this form occurs as 
flattened, nearly horizontal, burrows that consist of a double row of 
non-pyritized pellets within a pyritized matrix. The burrows are 
straight to curved, of uniform diameter, and range from 1,0 to 1.8 mm in 
diameter. The fecal pellets are usually elongate and ellipsoidal 
ranging in length from 0.5 to 0,7 mm. In some cases the burrow appears 
to occur within a larger, non-pyritized burrow. 
Occurrence: Most specimens occur in unit C of the chalky member. 
Discussion: These fecal pellet-filled burrows are similar to composite 
burrows described by Chamberlain (1975, p. 1082), however the burrows 
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observed here were smaller in diameter and apparently more compressed 
then those Chamberlain illustrated. These burrows would fit the fifth 
of Pemberton and Frey's (1982, p. 872) five major taxonomic-ethologic 
categories of ichnogenera involving fecal materials -- "non-descript 
burrows backfilled with discrete fecal pellets." Chamberlain (1977, p. 
7-8) referred to the pellet-filled burrow genus Alcyonidiopsis, but the 
burrows here are smaller and simpler, consisting of only a double row of 
fecal pellets rather than the tightly packed clusters of pellets in that 
genus. 
Hat tin ( 1971, p. 1122) referred to "pellet-filled burrows" in chalky 
limestone beds of the Hartland and Jetmore Members of the Greenhorn 
Formation in Kansas. These burrows share many of the characteristics of 
the burrows described herein in that they are unbranched and often 
parallel to bedding and, as described, the "burrow may be lined with 
pyrite in unweathered rock." The pellet-filled burrows I observed in 
the Niobrara were smaller than the burrows Hattin refers to, whose 
diameters ranged from l!.O to 6.5 mm and contained ellipsoidal pellets 


















Plate 18: Macrofossils and trace fossils of the Niobrara Formation, 








Linffula sp., X1.5, on bedding plane, from Core N-2 at 107 feet, lJND 
435. 
Pseudoperna congesta, in a linear cluster, x1.3, from 15 feet above 
the base of the section on the north bank of Whiskey Creek, 5 mi. 
ESE of Niagara, N.D., NE1/4NE1/4' sec. 23, T. 152 N., R. 56 w., 
Grand Forks County, North Dakota, UND 4355. 
Pseudoperna congesta, X1, from the Mayo Brick Company section, 
NW1/4NW1/4 sec. 34, T. 163 N., R 57 N., Cavalier County, North 
Dakota, UND 4356. 
Part of an inoceramid shell, X1, on bedding plane, from Core PR-1 
at 137.8 feet, UND 4357. 
Piece of large inoceramid shell with encrusting Pseudoperna 
congesta, X0.6, from 2 to 2.5 feet above the base of the Niobrara 
formation in the section on the east bank of the Little North 
Pembina River, NE1/4SW1/4 sec. 18, T. 163 N., R. 57 W., Cavalier 
County, North Dakota, UND 4358. 
Inoceramid shells, x1.3, on bedding plane, from Core E-1 at 91 
feet, UND 4359. 
Clioscaphites cf.~. saxitonianus septentrionalis, X1, from 10 feet 
above the base of the section on the east bank of the Little North 
Pembina River, NE1/4SW1/4 sec. 18, T. 163 N., R. 57 W., Cavalier 
County, North Dakota, UND 4365. 
8. Clioscaphites cf.~. saxitonianus septentrionalis, X1, same 
location as Figure 7, UNO 4370. 
9, Chondrites sp. form A, X1, on bedding plane, from Core S-4 at 34 
feet, UND 4371. 
10. Chondrites sp. form A and irregular burrows, X1, on bedding plane, 


















Plate 19: Trace fossils of the Niobrara Formation, northeas-tern North 
Dakota. 
1. Chondrites sp. form B, X1, on bedding plane, from Core S-13 at 
47.6 feet, at the top of unit B of the calcareous shale member, UND 
11373. 
2. Chondrites sp. form Band large, irregular burrows, in section, 
X0.7, from Core S-12, at 48.6 feet, near the contact between unit B 
of the calcareous shale member and unit C of the chalky member, UND 
4374. 
3. Chondrites sp. form C, X1.1, on bedding plane, from Core E-2, at 
114.6 feet, UNO 4375. 
4. Chondrites sp. form C, Xl, on bedding plane, from Core PR-2, at 26 
feet, UNO 4376. 
s. Large and medium irregular burrows, X1, on bedding plane, from 
core E-2, at 58 feet, UNO 4377, 
6. ?Trichichnus sp., X1,5, on bedding plane, from core S-13, at 46.3 
feet, UND 4 378. 
7. Planolites montanus Richter, Xl, in vertical section, from Core 
PR-2, at 108,7 feet, UND 4379. 
8. Planolites montanus Richter, X1, on bedding plane, from Core S-10, 
at 53.5 feet, UND 4380. 
9. Pellet-filled burrow, X1.5, on bedding plane, from core S-5, at 10 
feet, UND 4381. 
10. Pellet-filled burrow, x1.3, on bedding plane, from Core S-12, at 
27,7 feet, UND 4382. 
11. Pellet-filled burrow, X1.5, on bedding plane, from Core PR-1, at 












CHAPTER IX: SUMMARY OF CONCLUSIONS 
1, In a northern area of eastern North Dakota the Niobrara 
Formation, approximately 200 feet (66 ml thick, was divided into two 
subequal members, a lower, calcareous shale member, and an upper, chalky 
member. In a southern area the formation was divided into five 
stratigraphic units, in ascending order, a lower shaly chalk, a shale, a 
middle shaly chalk, a chalk, and an upper shaly chalk, 
2, Erosional unconformities, with significant paleotopographic 
· relief, were recognized at the lower and upper boundaries of the 
Niobrara Formation. A central, northwest-trending channel was 
delineated on the top of the Carlile Shale. A similar erosional channel 
was identified on the top of the Niobrara in east-central North Dakota. 
Drainage to the northwest is thought to have existed on both surfaces. 
3. Numerous diastems, recognized on the basis of detailed 
comparisons of logs of closely spaced wells, are present within the 
formation, and are most numerous within the lower, calcareous shale 
member in the northern area, and the lower three stratigraphic units in 
the southern area. 
ij. On the basis of surface and core sections, intervals of 
bioturbated strata and non-bioturbated, laminated strata with 
conspicuous "white specks" were recognized. These were interpreted as 
indicating, respectively, aerobic and anaerobic bottom-water conditions. 
288 
289 
5. Thirty-nine species of calcareous nannoplankton were identified 
and, on the basis of strew-slide counts, four stratigraphically 
delimited assemblages (I-IV) were recognized. Assemblage III, a 
depauperate flora dominated by Micula staurophora, which occurs in the 
bioturbated upper part of the calcareous shale member, is the result of 
post-depositional dissolution of many solution-susceptible nannofossil 
species. Occurrences of various species were also explained on the 
basis of paleobiogeography and the age of the strata. 
6. Seven taxa of macrofossils were recognized, including one 
brachiopod, four bivalves, and two ammonites. Lingula and scaphite 
ammonites are present mainly in the calcareous shale member. The 
oyster, Pseudoperna congesta, often associated with pieces, fragments 
and prisms of inoceramid bivalves, is common in the bioturbated 
intervals. In the laminated intervals small Pseudoperna congesta and 
the pecten, camptonectes bonneri, both probably pseudoplanktic in habit, 
are present. 
7. Identifiable trace fossils are common in the bioturbated 
intervals. Non-pyritized burrows include three forms of Chondrites. 
Among the pyritized forms are Planolites montanus, ?Trichichnus sp., and 
a distinctive pellet-filled burrow. Development, during burial, of in-
sediment anaerobic conditions, in conjunction with fecal material, is 
believed responsible for the pyritization of these burrows. 
8. The age of the Niobrara in northeastern North Dakota is 
Santonian. The base of the formation was considered Lower Santonian on 
the basis of the occurrence of Clioscaphites cf.£· saxitonianus 





nannoflora, including Arkhangelskiella specillata, and lacks distinctive 
Lower Calllpanian species. 
9. on a regional perspective, eastern North Dakota was the last 
area of inundation by the northeastwardly transgressing Western Interior 
sea during Coniacian-Santonian time. Particular stratigraphic intervals 
can be traced northward along the eastern side of the Western Interior 
basin from Kansas to North Dakota and Manitoba. 
10. The shifting bottom-water conditions, from anaerobic to 
aerobic and back to anaerobic, was interpreted as the consequence ~f the 
change of elevation of the pycnocline (aerobic-anaerobic boundary} 
within a stratified water body. Change of elevation of the pycnocline 
may have been the result of eustatic sea-level changes or, possibly, the 
effect of an upwelling-water regime. 
11. Finally, the Niobrara Formation apparently was deposited in 
shallow to deep sublittoral depths and yet reflects, in its bounding 
unconformities, its bioturbated and laminated strata, its lateral 
persistence of strata, its local areas of bottom erosion or non-
deposition, and its abundant and ·diverse calcareous nannoplankton, many 
aspects of oceanic deposition. Here, as in the oceans, depositional 
patterns were controlled, in great part, by global factors including 
eustatic sea-level changes, oceanic anoxic events, and broad climatic 
patterns. ' • 
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Appendix A: Measured Sections 
I. Surface Sections 
Mayo Brick Company Section: Location--On the north bank of the Pembina 
River, NW1/4NW1/4 sec. 34, T. 163 N., R. 57 W., Cavalier County, North 
Dakota 
Unit Description ft in m 
8. Chalk. shaly chalk, light olive (5Y6/1) to tan, 
abundant "white specks", fish fragments, 
intervals with no conspicuous "white specks" •••••••••• 12 6 3.81 
7. Shale, calcareous, medium olive gray (5Y5/1), 
abundant "white specks", laminated bedding, 
Pseudoperna congesta common at base ••••••••••••••••••• 8 4 2.54 
6. Covered interval ......•...•.•.....•.••.•••.....•.•.••. 20 3 6.17 
5. Shale, calcareous, dark brown gray (5YR4/1), 
homogeneous, greater fissility and darker gray 
(NlJ) toward to top •••••.....•..•.•••••.•••••..•..••••• lJ1 4 12.60 
4. Bentonite, olive gray (5Y4/1) and light pink 
(5YR8/1), some limonite staining ••••••••••••••.•••.••• o 5 0.13 
3. Shale, calcareous, dark olive gray (SY4/1), no 
"white specks" present .... ............................ 2 1 O. 63 
2. Covered interval . ................•........•.......... . 8 4 2. 54 
1. Shale, dark gray-brown (5YR4/1), fissile, 
weathers light gray (N6), abundant "white 
specks", fish fragments common ••••••••••••••••••••.••• 41 4 12.60 
Total thickness of section measured •••••••••••••.••••• 126 3 65.48 
Little North Pembina River Section: 
.North Pembina River, NE1/4SW1/4 sec. 
County, North Dakota. 
Unit Description 
Location--East bank of the Little 
18, T. 163 N., R. 57 W., Cavalier 
ft in m 
6. Shale, calcareous, brownish gray (5YR5/1), 
fissile, abundant "white specks" ••••••••••••.••••••••• 1 0 0.30 
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5. Shale, calcareous, brownish gray (5YR5/1), less 
fiss.Ue than unit 6, "white specks" •••••••••••.••••••• 2 O 0.61 
4. Shale, calcareous, brownish gray (5YR5/1), 
"white specks", fish remains, Clioscaphites cf. 
C. saxitonianus septentrionalis near base (UND 
ij365.- 4370.) •..•••.••.••.......••.••.•.•••...•.•••..• 2 0 0.61 
3. Shale, calcareous, brownish gray (5YR5/1), with 
abundant "white specks", rare laminae of fine-
grained sand .••.•.••.••.••....••.••••.•.•...•.•• , •...• 2 6 0.76 
2. Shale, slightly calcareous, dark brownish gray 
(5YR4/1), laminated, with numerous fine-grained 
sand laminae in lower foot; with associated 
fish-bone debris, inoceramid fragments •••••••••••••••• 5 6 1. 68 
carlile Shale 
1. Shale, non-calcareous, dark gray (N3), clayey, 
no noticable bedding, jarosite on partings, 
breaks concoidally ............... •....•....•......... . 10 O 3.05 
Total thickness of section measured •••••••••••.••••••• 23 O 7.01 
Little South Pembina River Section: Location--On the north bank of the 
Little South Pembina River, NE1/4SW1/4 sec. 19, T. 162 N., R. 57 W., 
cavalier County, North Dakota. 
Unit Description ft in m 
12. Shale, dark black, interbedded with numerous 
cream-colored bentonites •.••••..••.••.•••.•.••..•.•••• 5 O 1.52 
11. Shale, calcareous, dusky gray, fissile, hard, 
encrusting gypsiferous layer at top, with iron 
oxide staining in top 8"-9" (0.2 m) ................... 6 5 1,9!> 
10. Bentonite, light yellow, oxidized with iron 
oxide staining •••.•..••.•..••.•••••••••••••••••.•••••• o 1 0.03 
9. Shale, calcareous, dark dusky gray, fissile ........... 10 3 3.13 
8. Bentonite, light tan-cream to light yellow, 
oxidized on top and bottom •••••••••••••••••••••••••••• O 4 0.10 
7. Shale, calcareous, dark gray-brown, weathers 
light gray ............................................... 1 7 0.48 
6. Bentonite, light tan to light yellow, limonite 
on upper and lower contacts ............................ o 3 o.oa 
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5. Shale, calcareous, dark gray-br0Hr1, weathers 
light gray ••••••••••..•••••••••••••••.•••••••••••••••• 1 11 0.58 
4. Bentonite, light tan to light yellow, limonite 
on edges • .............................................. . 0 1 0.03 
3. Shale, calcareous, dark gray-brown, weathers 
light gray ...... .................•...............•..... 1 11 0.58 
2. Bentonite, light pink, weathers light yellow 
with iron oxide stains .•••••••••••.•••••..•••••.•••..• O 1 0.03 
1. Shale, calcareous, dark brown-gray, blocky, 
with fish fragments, weathers light gray to 
bluish gray, two thin bentonites 1711 from top ••••••••• 4 7 1.39 
Total thickness of section measured ••••••••••••••••••• 32 3 9.86 
Whiskey Creek Section: Location-- North bank of Whiskey Creek, about 5 
miles ESE of Niagara, N.D., NE1/4NE1/4 sec. 23, T. 152 N., R. 56 W., 
Grand Forks County, North Dakota. 
Unit Description ft in m 
5. Shale, calcareous, olive gray, weathers light 
tan, a few "white speck.s" ............................. 11 8 1.JJ2 
4. Shale, calcareous, olive gray, weathers light 
orange tan to light olive gray, abundant "white 
specks", a few Pseudoperna congesta, fish 
scales ................................................ 5 0 1.52 
3. Shale, calcareous, light olive gray, weathers 
orange tan, abundant "white specks"; four to 
five thin (1 11 ) bentonites, olive gray (5GY4/2), 
weathering olive green-gray (5GY5/2) •••••••••••••••••• 5 0 1.52 
2. Shale, calcareous, light olive gray, weathers 
orange tan, with Pseudoperna congesta, fish 
bones and scales . ...................................... 5 0 1.52 
1. Shale, calcareous, dusky medium gray (5Y5/1), 
weathers light gray (7N), abundant "white 
specks", common Pseudoperna congesta, some in 
clusters (UND 4355.) ....•••.•.••.....•••....•••••..•.. 15 0 4.57 
Total thickness of section measured •••••••••.••••••••• 34 8 10.55 
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II. Core Sections 
Core E-1: Location--SE1/4 NE1/4 Section 19, T. 158 N., R. 56 W., Walsh 
Coiiiity'-;-North Dakota. (A2575) 
Unit Description ft in m 
16. Chalk, shaly, light olive gray (5Y6/1), poorly 
preserved ................................•...........• 2 O 0.61 
15. Chalk, shaly, light olive gray (5Y6/1), 
abundant "white specks", laminated, small 
specimens and fragments of Pseudoperna congesta 
uncommon, a few fish scales ..•.••..••.....•..•..•..•.. 27 2 8.28 
14. Chalk, shaly, light olive gray (5Y6/1), 
abundant "white specks", laminated, common 
specimens and concentrated layers of 
Pseudoperna congesta, vague mottling noted •••••••••••• 18 7 5.66 
13. Chalk, shaly, light olive gray to medium light 
gray (5Y6/1-N6), vaguely mottled, common 
pyritized burrows (Planolites sp., ?Trichichnus 
sp., and composite burrows), a few oxidized, 
small pyrite nodules •.•••••.••••••..••••••••••••••••.• 7 3 2.21 
12. Chalk, light gray to very light gray (N7-N8), 
massive, extensively bioturbated, occasional 
pyritized burrows ...••..••.••••.••.•••••..••••••••.••. 7 
11. Shale, calcareous, medium gray (N6-N5.5), with 
clusters of Pseudoperna congesta as whole 
10 2.39 
specimens and broken fragments •••••••••••••.•••••••••• O 2 0.05 
10. Chalk, light gray (N7-N7.5), massive, highly 
bioturbated with medium-sized irregular 
burrows,· thin pyritized burrows (?Trichichnus 
sp.), and a layer of Inoceramus sp. 2' 9" (0.84 
m) above the base of the unit ••••••••••••••••••••••••• 3 9 1.14 
9. Shale, calcareous, medium light gray (N6), 
numerous light gray (N7) burrows (Chondrites 
sp. form B) in a medium gray (NS) matrix, 
common prisms of Inoceramus sp •••••••••••••••••••••••• O 8 0.20 
8. Shale, slightly calcareous, predominantly 
medium gray to medium olive gray (N5-5Y5/1), 
but ranges from medium light gray (N6.5) to 
medium dark gray (N4.5), homogeneous or with 
vague mottling, common Chondrites sp. form A, 
flat Planolites sp. burrows are common between 
. . ..... ,,;~. 
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4'5" (1.35 m) and 10 1 611 (3.20 m} above base of 
unit,. ................. · ................................. 35 0 10.67 
7. Shale, calcareous, medium dark to medium light 
gray (N4-N6), vaguely mottled, contains layers 
of macerated fish bone debris, stringers of 
fine-grained sand, occasional Lingula sp. 
present ............................................... 2 !J o. 71 
6. Shale, calcareous, light olive gray (5Y6/1), 
"white specks" abundant, laminated, micaceous, 
with layers of macerated fish bone debris, 
occasional vague mottling noted, Lingula sp. 
present ................................................ 2 11 o.89 
5. Shale, calcareous, medium light gray (N6), 
vaguely mottled to homogeneous, occasional fish 
fragments, Lingula sp ••••••••••••••••••••••••••••••••• 3 O o.91 
4. Shale, calcareous, medium gray (N5), "white 
specks" abundant, horizontal, medium-sized 
tracks noted, Lingula sp. present •••••••••••.••••••.•• 1 4 0.40 
3. Shale, calcareous, medium dark gray (N4.5-N5), 
no "White specks", vaguely bioturbated, with 
fish fragments and fine-grained micaceous sand 
laminae, 'Lingula sp. present ••••••.••.••.•••.••••••••• 1 8 0.51 
2. Shale, calcareous, medium dark gray to medium 
gray (N4-N5), vaguely burrowed, occasional 
layers with abundant "white specks", abundant 
fish fragments, fine-grained micaceous sand 
laminae, Lingula sp. present ..••••..•.....•...•.•••..• 8 0 2.44 
1. Shale, calcareous, medium olive gray (5Y5/1), 
"white specks" abundant, laminated, numerous 
fish fragments, occasional micaceous, fine-
grained sand laminae ••••...••..••••••••..••..••.••.•.• 16 2 4.93 
Total thickness of section measured ••••••••••••••••••• 137 10 42.00 
Core E-2: Location-- NE1/4 NE1/4 Section 18, T. 158 N., R. 56 W., Walsh 
Count~North Dakota. (A2576) 
Unit Description 
13. Shale, calcareous, light olive gray (5Y6/1), 
"White specks" abundant, laminated, a few fish 
fragments, small Pseudoperna congesta common, 
3-4 mm. bentonite at 9' 511 above base, 4 mm. 
ft in m 
bentonite at 7' 3" above base ••••••••••••••••••••••.•• 12 0 3.66 
I 
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12. Shale, calcareous, light olive gray (5Y6/1), 
homogeneous to vaguely mottled, with small 
pyritized burrows (Planolites sp.) and small 
pyrite nodules . ....................................... 2 7 8. !18 
11. Chalk, shaly, medium light gray to light gray 
(N6-N7), mottled, with distinct non-pyritized 
burrows (including Chondrites sp. form A) and 
pyritized burrows (Planolites montanus 
?Trichichnus sp.) .....•....•..••.........•.....•..••.• 11 O 1.22 
10. Chalk, light gray to very light gray (N7-N8), 
mottled, massive, with numerous pyritized 
burrows of thin Planolites sp., and non-
pyritized irregular burrows, Pseudoperna 
congesta uncommon • .................... , ••••••••••••••••• 7 5 2. 26 
9. Shale, calcareous, medium to medium light gray 
(N5.5-N6.5), with numerous medium-sized 
Pseudoperna congesta and irregular burrows, 
darkest at base •.•.•.••..•••.•.•..••••••••.••••.•••••• o 9 0.23 
8. Chalk, very light gray (N7.5-N7), vaguely 
mottled, with Pseudoperna congesta, small 
Inoceramus sp. prisms, and thin pyritized 
burrows(? Trichichnus sp.) ••••••••••••.•••••••••••••• 1 5 0.43 
7. Shale, calcareous, medium gray (N5.5), with 
numerous irregular medium and large burrows, 
?Trichichnus sp. present .••••••••••••..••••••••.•••••• O 3 0.08 
6. Shale to chalky shale, medium gray to light 
gray (N5.5-N7), with abundant fragments of 
Pseudoperna congesta throughout ••••.••••.••••••••••••• O 10 0.25 
5. Chalk, light gray (N7-7.5), massive, 
homogeneous, with thin pyrite burrows 
(?Trichichnus) ........................................ 3 9 1.14 
4. Transitional interval, abundant burrows 
(Condrites sp. form B) of light gray (N7) in a 
medium gray (NS) matrix ••••••••••••••••••••••••••••••• O 7 0.18 
3. Shale, moderately calcareous, medium dark gray 
to medium gray (N4-N5), homogeneous, with 
medium to large pyrite nodules and nodular 
layers ................................................ 3 3 0.99 
2. Shale, moderately calcareous, medium gray (N5), 
ranges from N4.5 to N6), mainly homogeneous 
with burrows of Chondrites sp. form A and flat 
pyritized Planolites sp., 6 mm bentonite (light 
olive gray (5Y6/1}} at base •••••••••••.••••••••••••••• 3 2 0.96 
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1. Shale, calcareous, medium light gray (N6), 
predominantly homogeneous, with Chondrites sp. 
form A 10" above the base; thick bentonite (llO 
mm), very light gray (NS) with mica crystals 
evident, at base ••.••.••••.••.••..••••••.•••••.••••.•• 2 7 0.79 
Total thickness of section measured ••••••••••••••••••• 42 7 12.98 
Core H-2: Location-- SW1/4 Section 30, T. 152 N., R. 55 W., Grand Forks 
County,""North Dakota. 
Unit Description 
9. Chalk, shaly, medium light gray (N6.5-N7), 
"white specks" common to abundant, a few 
ft in m 
fragments and whole Pseudoperna congesta •••••••••••••• 17 3 5,26 
8. Chalk, shaly, light gray (NT), mottled and 
bioturbated, transitional between adjacent 
units .................................................. 5 6 1.68 
7 Chalk, light gray to very light gray (N7.5-N8), 
massive, bioturbated with pyritized burrows 
(Planolites montanus, ?Trichichnus sp.} 
common, fragments and whole Pseudoperna 
congesta, calcite prisms and pieces of 
Inoceramus sp ....•..•...............•••.....•......... 21 6 6.55 
6. Shale, slightly calcareous, medium light gray 
(N6), with small pyrite nodules ••••••••••••••.•••••••• 2 O 0.61 
5. Shale, slightly calcareous, very clayey, medium 
gray (N5), poorly preserved ••••••••••••.•••••••••••••• 8 O 2.44 
4. Shale, moderately calcareous, medium light gray 
(N6), vaguely mottled, a few occurrences of 
Chondrites sp. form A, Li~ula sp., fish bone 
fragments; bentonites at 2 ' (1.5"} and 25'6" 
(0.5") above base of unit ••••••••••.•••••••••••••••••• 35 0 10.67 
3. Shale, calcareous, medium to medium light gray 
(N5-N6), vaguely mottled, "white specks" 
present, Chondrites ·sp. and flat. pyritized 
Planolites sp. common layer of medium-sized 
Pseudoperna congesta at 12' 4" above base of 
unit .................................................. 22 10 6.96 
2. Section not ·present ...............................•... 10 2 3.10 
1. Shale, calcareous, medium gray to medium olive 
gray (N5-5Y5/1), ranges to medium dark gray 
300 
(Nli), "white specks" abundant, laminated 
bedding, macerated fish hash at 12' above base 
of unit ................................................ 17 O 5.18 
Total thickness of section measured ••••••••••••••••••• 138 9 li2.l!5 
Core N-2: Location-- NW1/li, Section 36, T. 159 N, R. 57 W., Cavalier 
County";-North Dakota. (A2577) 
Unit Description 
9, Chalk, shaly, medium light gray to light gray 
(N6-N7) to light olive gray (5Y6/1), abundant 
"white specks", laminated, with a few fish 
ft in m 
fragments •.•.•..•..•..•..•.....•..•...•••••...•......• 25 6 7.77 
8. Chalk, shaly, medium light to light gray 
(N6-N7) to light olive gray (5Y6/1), "white 
specks" abundant, some vague mottling, medium 
and small Pseudoperna congesta present •••••••••••••••• 15 0 4.57 
7, Chalk, shaly, medium light to light gray 
(N6-N7}, homogeneous with some conspicuous 
bioturbation at the base ••••••••••••••••••••••••••••• • 4 6 1.37 
6. Chalk, shaly, light to very light gray (N7-N8) 
to very light olive gray (5Y7.5/1), homogeneous 
or vaguely mottled, with pyrite nodules and 
pyritized burrows (mainly Planolites montanus, 
?Trichichnus sp.) small to medium-sized 
Pseudoperna congesta near bottom, a layer of 
Inoceramus sp. 5' 9" above the base ••••••••••••••••••• 17 0 5.18 
s. Transition, chalk-filled burrows, Chondrites 
sp. form B, in a medium light gray (N6) 
calcareous shale, medium and large irregular 
burrows present .....•.....•.••.•..•.......•........... 1 0 0.30 
l!. Shale, moderately calcareous, predominantly 
medium gray (N5) but ranges from medium dark 
gray (Nli.5) to medium light gray (N6), with 
flat, pyritized Planolites burrows and 
Chondrites sp. form A locally common thin 
bentonite at approximately 18 feet above base ••••••••• 33 6 10.21 
3. Shale, calcareous, medium gray (NS) to medium 
olive gray (5Y5.5/1), with common layers of 
macerated fish fragments and fine-grained sand 
laminae •••..••.•...••...•.•..••...............•.•...•. 8 0 2.4JJ 
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2. Shale, calcareous, medium dark gray (N4-N5), 
vaguely mottled to homogeneous, with numerous 
fine~grained sand stringers associated with 
macerated fish bone debris; Lin~ula sp. present 
thin bentonites at base and 1 '" above base •••••••••• 14 8 4 .47 
1. Shale, moderately calcareous with one-foot 
intervals of non-calcareous shales 3-4 feet and 
9-10 feet above the base, medium dark gray to 
medium gray (N4-N5), "white specks" common, 
finely laminated, occasional stringers of fine-
grained micaceous sand and macerated fish 
debris, bentonite at 23' 411 above base •••••••••••••••• 33 O 10.06 
Total thickness of section measured ••••••••••••••••••• 151 6 46.37 
Core PR-1: Location--NE1/4NE1/4 Section 25, T, 157 N., R. 57 W., Walsh 
County, North Dakota. (A2578) 
Unit Description ft in m 
28. Shale, non-calcareous, dark gray (N3) with 
bands of bentonite, light gray (N7) ••••••••••••••••••• s 
27. Chalk, shaly, light gray, common "white 
specks", fish fragments ••••..•.•..••.•..•••••••..•••.• 4 
26. Bentonite ......•....... ............. , ......•......... . 0 
25, Chalk, as in unit 27 •...••••...•.•••..•.•.........•... 0 
21'. Bentonite ......... ................................... . O 
23, Chalk, as in unit 27 ..•.•..•.•.••••.•••.•••.••....•... 2 
22. Bentonite, as in unit 26 .....•.••••......••.••.•..•.•• 0 
21. Chalk, as in unit 27 ...........•.••....•.•..•.•••....• 4 
20. Bentonite, as in unit 26 •••••••••••••••••••••••••••••• 0 
19. Chalk, as in unit 27, ••••••••••••••••••••••••••••••••• 3 
18. Benton~te, as in unit 26 ........•.•......•..••••..•••• 0 
17. Chalk, as in unit 27 ................................... 2 















15. Chalk, as in unit 27 .••.•..••.....•.••••.•...•••.••••. 1 11 0.59 
14. Bentonite, as in unit 26 ....•••.••.•••...•.......••••. 0 2 0.05 
13. Chalk, as in unit 27 ......•.•.•......•.•..••.••..••••. 0 6 0.15 
12. Bentonite, as in unit 26 ..•......•.•.•.•..•..•..•.•..• o 0.02 
11. Chalk, shaly, medium light gray (N6-N7}, "white 
specks" present, vague burrowing, fish 
fragments, Lingula sp .•...•..........•...••...••.•••.. 4 9 1.~5 
10. Chalk, chaly, medium light to light gray 
(N6 .5-N7}, abundant to common "white specks" •••••••••• 30 3 9,22 
9. Chalk, shaly, light olive gray, common "white 
specks", small Pseudoperna congesta ................... 12 0 3.66 
8. Chalk, shaly, light gray (N7}, common "white 
specks" ••••••••..•••..•••••••••••.•.•.•.••.••••••••••• !J 11 1.50 
7. Bentonite, dark gray (N4} ••••••••••••••••••••••••••••• o 1 0.02 
6. Chalk, chaly, light gray (N7}, "white specks" 
common ................................................. 4 6 1.37 
5, Shale, chalky, medium light gray to light olive 
gray (N6-5Y6/ 1 } , "white specks I common, common 
small to medium Pseudoperna congesta, 
inoceramid fragments and prisms •••••••••••••.••••••••• 14 6 4.42 
4. Shale, chalky, light gray (N6.5}, homogeneous, 
uncommon "white specks", occasional horizons of 
fine-grained sand . .........•.......................... 2 O O. 61 
3. Chalk, shaly, light to medium light gray 
(N7-N6}, burrowed, Planolites montanus, 
Pseudoperna congesta present .••••••••••••••••••••••••• 7 0 2.13 
2. Chalk, massive, very light gray {NB}, 
bioturbated, Planolites montanus common, layers 
of concentrated Pseudoperna congesta, pellet-
filled burrows present .•..•.........•.•.•.•••....••..• 8 0 2.4ij 
-5; 1. Shale, moderately calcareous, medium 
gray (N5.5}, bioturbated to homogeneous, 
Chondrites sp. form Bat top, pyrite nodules 
present ............................................... 5 0 1.52 
Total thickness of section measured •••••••••••••.••••• 119 9 36,53 
303 
Core PR-2: Location-- NW1/4 NE1/4, Section 30, T. 157 N., R. 56 w., 
Walsh County, North Dakota. (A2579) 
Unit Description ft in m 
26. Chalk, shaly, medium light gray to light olive 
gray (N6-N5Y6/1), "white specks" common, some 
vague mottling •••.•..•••.•••.•..•..••.•...••.••..•.••• 2 2 o.66 
25. Bentonite, dusky yellow (5Y6/4) with associated 
fibrous ·gypsum ......................................... o 0.3 0.01 
24. Chalk, as in unit 26, with Chondrites sp. form 
C, burrows .................•...........•.............. 3 2 0.96 
23. Bentonite, as in unit 25 •••••••••••••••••••••••••••••• o 0.3 0.01 
22. Chalk, as in unit 26, with Chondrites sp. form 
C, fish scales •••••••.•••••••••••••••••••.•••••••••••• , 10 0.56 
21. Bentonite, as in unit 25 •••••••••••••••••••••••••••••• 0 0.7 0.02 
20. Chalk, as in unit 26 .....•...•.••..•..•...••.•..••.••. 1 
19. Bentonite, as in unit 25 •.••.........•.....•...••.•... 0 
18. Chalk, as in unit 26, with Chondrites sp. form 




17. Bentonite, as in unit 25 •••••••••••••••••.•••••••••.•• 0 0.3 0.01 
16. Chalk, as in unit 26 . ............•...........•....... . o 6 0.15 
15. Bentonite, as in unit 25 •••••••••••••••••••••••••••••• o 0.3 0.01 
14. Chalk, as in unit 26, with Chondrites sp. form 
c . .................................................... 1 3 0.38 
13. Bentonite, as in unit 25 ..•..•.••.•...•..•...•..•..•.. 0 0.5 0.01 
12. Chalk, as in unit 26, with Chondrites sp. form 
C • ••••••••••••••••••••••••••••••••••••.••••••••••••••• 1 1 0.33 
11. Bentonite, as in unit 25 •••••••••••••••.•••••••••••••• o 0.03 
10. Chalk, as in unit 26 ...•..•..•..•..•......•......•.••. 1 6 o.46 
9. Bentonite, as in unit 25 •..••.••••..••.....•..•..•.... o 0.5 0.01 
8. Chalk, as in unit 26 ................. ................ . 0 10 0.25 
7. Bentonite, as in unit 25 •••••••••••••••••••••••••••••• 0 0.3 0.01 
. '~- ~., •. ,,. :t" ~· .. /.~ • ,. ' •.• 
(. 
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6. Chalk, shaly, medium light gray (N6-N7), "white 
specks" abundant, little bioturbation, 
occasional Pseudoperna congesta, fish scales 
and small bones, gradational with underlying 
unit ...................................................... 64 5 19.63 
5. Chalk, shaly, medium light gray (N6-N6.5), 
"white specks" common but less conspicuous than 
in unit 6, vague bioturbation, occasional 
micaceous fine-grained sand laminae, a few fish 
fragments .••••.•••.•.•••.••.•..••..•••..•...•.••••..•• s ij 1.63 
4. Chalk, shaly, medium light gray (N6-N6.5), 
bioturbated, no "white specks" •••••••••••••••••••••••• 2 1 0.63 
3. Chalk, light to very light gray (N7-N8}, highly 
bioturbated with abundant, conspicuous, 
pyritized burrows (mainly Planolites montanus, 
?Trichichnus sp. and pellet-filled burrows), 
large Pseudoperna congesta present •••••••••••••••••••• 11 1 3.78 
2. Transition interval, conspicuous bioturbation, 
a mixture of light gray (N7) and medium gray 
(N5) calcareous shale, with irregular medium 
and large burrows ..•.•.•••.•.•.....•.••..•...•....•... O 8 0.20 
1. Shale, non-calcareous to moderately calcareous, 
predominantly medium gray (N5.5}, ranging from 
medium light gray (N6.5} to medium dark gray 
(N4.5), homogeneous to vaguely mottled, not 
laminated, with Chondrites sp. form A and 
pyritized Planolites sp., occasional medium-
sized Pseudoperna congesta, a Baculites 
specimen 11' above the base of the unit ••••••••••••••• 11 4 3.45 
Total thicknes of section measured •••••••••••••••••••• 107 0 33.81 
Core S-1: Location-- SW1/4 SW1/4 Section 19, T. 152 N., R. 55 W., Grand 
Forks County, North Dakota. 
Unit Description ft in m 
8. Chalk, shaly, medium light to light gray 
(N6-N7), "white specks" common, layers of 
Pseudoperna congesta at 2' 911 , 1' 5" and 4" 
above base of unit • .................................... 6 6 1. 98 
.1. Chalk, shaly, light gray (N7), "white specks" 
present but less conspicuous than unit above, 
some bioturbation with medium and large 
irregular burrows ......................................... 1 9 0.53 
'"'7 ,. .... - .,. 
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6. Bentonite, with abundant mica ••••••••••••••••••••••••• o 0.3 0.01 
5. Chalk, as in unit 7 ................................... 3 5 1 .04 
4. Bentonite, as in unit 6 ...............•............... 0 0.3 Q.01 
3. Chalk, as in unit 7 ..........•...................•.... 1 4 o.1J1 
2. Chalk, light gray (N7-N7.5), bioturbated with 
medium and large irregular burrows, small or 
flat burrows of Planolites sp. occasionally 
present .........................................•..... 11 11 3.63 
1. Chalk, light gray (N7-N7.5), bioturbated with 
conspicuous Planolites montanus burrows, small 
to medium Pseudoperna congesta near base •••••••••••••• 6 1 1.85 
Total thickness of section measured ••••••••••••••••••• 31 0 9.45 
Core S-3: Location-- NE1/4 NW1/4 Section 19, T.152 N., R. 55 w., Grand 
Forks County, North J)akota. 
Unit Description ft in m 
8. Chalk, very light gray to yellowish gray 
(N8-5Y8/1), with vague mottling and 
bioturbation, oxidized pyrite burrows of 
Planolites montanus iron oxide stains and 
limonite nodules and patches •••••••••••••••••••••••••• 8 10 2.69 
7. Bentonite, with abundant biotite and gypsum 
crystals .............................................. o 1 0.03 
6. Chalk, light gray to very light gray (N7-N8), 
yellowish gray (5Y8/1) in upper 41 , vaguely 
mottled with some medium irregular burrows and 
small pyritized Planolites montanus burrows, 
medium and large specimens and fragments of 
Pseudoperna congesta common .•..•..•.••.••.••..•..••..• 8 
5. Shale, moderately calcareous, medium to medium 
light gray (N5-N6),.mottled and bioturbated, 
Chondrites sp. form B common and conspicuous in 
upper 3 feet, small pyrite nodules abundant 
throughout, a large fragment of Inoceramus sp. 
10 2.69 
at 1' 9" above base of unit ........................... 5 2 1.58 
4. Shale, slightly calcareous, with coarse sand 
fraction, medium light gray (N6) •••••.•••••••••.•••••• o 9 0.23 
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3. Shale, moderately calcareous, medium gray to 
medi\1111 light gray (N5-N6}, vaguely mottled with 
common, flat pyritized Planolites sp. and 
Chondrites sp. form A burrows, pyrite nodules 
present ..•..... ........................................ lJ 10 1.47 
2. Shale, as in unit 3, with a layer of small 
Pseudoperna congesta present ••••• , .................... O 1 0,03 
1. Shale, moderately calcareous, medium gray to 
medium light gray (N5-N6}, vaguely mottled to 
homogeneous, with oxidized, pyritlzed 
Planolites sp. burrows, Chondrites sp. form A 
burrows and pellet-filled burrows and fecal 
pellet aggregates; a pocket of fish bone and 
Lingula sp. hash at base ....•....•......••.••..•....•. 7 5 2.26 
Total thickness of section measured ••••••••••••••••••• 36 0 10.98 
Core S-4: Location-- SE1/ll SW1/4 Section 19, T. 152 N. 1 R. 55 W., Grand 
Forks'"county, North Dakota. 
Unit Description 
4. Chalk, massive, light gray to very light gray 
(N7-N8), highly bioturbated with medium-sized 
irregular burrows and pyritized Planolites 
ft in m 
montanus burrows common .•..••.•....•....•.••.•••••.•.• 9 6 2.90 
3. Chalk, shaly, light gray (N7-N7,5), highly 
bioturbated with medium and large burrows, 
medium-sized specimens and fragments of 
Pseudoperna congesta present •••••••••.••.••••••••••••• 1 5 0.43 
2. Shale, slightly to moderately calcareous, 
medium gray to medium light gray (N5-N6) with 
much color variation, homogeneous to 
conspicuously bioturbated, including flat 
pyritized Planolites sp. and Chondrites sp. 
common, scattered Pseudoperna congesta, small 
pyrite nodules much oxidized, light gray (N7} 
in bottom 2° .......................................... 4 1 1.21' 
1. Shale, moderately calcareous, medium to medium 
light gray (N5-N6), homogeneous to 
conspicuously bioturbated with medium and large 
irregular burrows and very small, often 
flattened, pyritized Planolites sp. burrows, 
small"fragments of Pseudoperna congesta 
present, Lingula sp. 2' 1" above the base of 
the unit ............................................... 5 0 1.52 
Total thickness of the section measured ••••••••••••••• 20 0 6.09 
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Core S-5: Location-- SE1/4 NE1/4 Section 1, T 151 N., R. 56 W., Grand 
Forks County, North Dakota. (A2580) 
Unit Description 
8. Chalk, shaly, with "white specks" common to 
abundant, evenly beeded, medium light gray to 
light olive gray (N6.5-5Y6,5/1), occasionally 
mottled, small to medium Pseudoperna congesta 
present, distinct layers of P, congesta at 11' 
9", · 10' 1011 and 9' 4" above the base of the 
ft in m 
unit .................................................. 25 6 7.77 
7. Chalk, shaly, transitional interval, medium 
olive gray to medium light olive gray 
(5Y5,5/1-5Y6/1} with large irregular burrows, 
some "white specks" present ........................... 1 0 0.30 
6. Chalk, light gray (N6,5-N7,5), bioturbated, 
usually mottled with medium and large irregular 
burrows, pyritized Planolites montanusburrows 
are a minor constituent, possible thin 
bentonite with abundant biotite{?) crystals 1' 
811 above the base of the unit ......................... 16 8 5.08 
5. Chalk, massive, light gray (N7-N7.5} to very 
light gray (N7,5-N8) in bottom 6 feet, 
pyritized Planolites montanus abundant, layer 
of Pseudoperna congesta and Inoceramus prisms 
7' 5" above the base, micaceous fine-grained 
sand layer 61 8" above the base of the unit ............ 11 7 3.53 
4. Chalk, shaly, medium light gray to light gray 
(N6.5-N7.5} with conspicuous mottling and 
medium to large irregular burrows; a basal sand 
with ?phosphatic fragments, medium to large 
Pseudoperna congesta ................................... 0 ·11 0.28 
3. Shale, slightly to moderately calcareous, 
medium tq light gray (N5-N6), near the top 
Chondrites sp. form B burrows common occasional 
Inoceramus prisms present ••••..•••••••.•.••.•.•••.•••• 6 3 1.91 
2. Shale, moderately calcareous, medium to medium 
light gray (N5-N6), "white specks" present, 
flat, pyritized Planolites sp. burrows common, 
whole specimens and fragments of Pseudoperna 
congesta present ...................................... 2 9· 0.811 
1, Shale, moderately calcareous, medium gray 
{N5-N5.5}, with Chondrites sp. form A burrows 
and flat pyritized Planolites sp. common •••••••••••••• 1 10 0.56 
Total thickness of section measured ••••••••••••••••••• 66 6 20.27 




Core S-6: Location-- SW1/li SW1/li Section 5, T. 151 N., R. 55 W., Grand 
Forks County, North Dakota. 
Unit Description ft in m 
11. Chalk, massive, very light gray to light gray 
(N8-N7} with vague mottling, occasional small 
Pseudoperna congesta, layer of Inoceramus 
prisms 3' 111 above the base of the unit ............... 5 3 1.60 
3. Chalk, shaly, mainly medium light gray to light 
gray (N6-N7} but very variable in color, 
mottled with medium to large irregular burrows, 
occasional small to medium Pseudoperna congesta 
base ls transitional to underlying unit ••••••••••••••• 3 3 0.99 
2, Shale, slightly calcareous, bioturbated, with 
abundant Chondrites sp. form B burrows as very 
small, chalk-filled tubes--light gray (N7} in 
medium gray (N4.5-N5) shale ••••••••••••••••••••••••••• O 6 0.15 
1. Shale, non-calcareous, medium dark gray (Nli}, 
homogeneous, with flat, pyritlzed Planolites 
sp. burrows •....••.•....•••....•.••...•.•.••.•.••..... o 7 0.18 
Total thickness of section measured ••••••••••••••••••• 9 7 2.92 
Core S-7: Location-- NW1/4SE1/4 Section 30, T. 152 N., R. 55 W., Grand 
Forks County, North Dakota. 
Unit Description rt in m 
8. Chalk, light gray to very light gray (N7-N8}, 
mottled, abundant Planolites montanus ••••••••••••••••• 4 5 1.35 
7, Chalk, very light gray (N7.5-N8}, homogeneous 
and mottled, abundant Pseudoperna congesta! ••••••••••• 1 0 Q•l! 
6. Chalk, very light gray (N7-5}, mottled, small 
diameter Planolites montanus burrows •••••••••••••••••• 4 11 1.50 
- 5, Chalk, very light gray (N7 .5}, with abundant, 
large Pseudoperna congesta in a concentrated 
layer .........•. , ................ , .................... o 1 0,03 
4. Chalk, light gray (N7), mottled, Planolites 
mon tan us common .•.....•...•.....••..•..•.••.•..•..•.•. O 8 O • 20 
3. Section missing ••...••.•.••.••....•••••••••.•••••.•••. o 2 0,05 
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2. Shale, calcareous, medium gray to medium light 
gray (N5-N6), homogeneous to mottled, common 
flat Planolites sp., Chondrites sp. form A, 
Pseudoperna congesta •••••.••..•..••..••••.••.•••..•.•• 3 0 0.91 
1. Shale, calcareous, medium gray to medium light 
gray (N5-N6), homogeneous to mottled, 
·chondrites sp. form A, Pseudoperna congesta, 
and inoceramid prisms present ••••••••••••••••••.•••••• ij 4 1.32 
Total thickness of section measured ••••••••••••••••••• 18 8 5.67 
Core S-10: Location-- SE1/4 SW1/4 Section 1, T. 153 N., R. 56 W., Grand 
Forks, North Dakota. 
Unit Description 
9. Chalk, shaly, medium light gray to light olive 
gray (N6-5Y6/l), evenly bedded, with abundant 
to common "white specks," uncommon Pseudoperna 
congesta, Inoceramus prisms, and fish bone 
ft in m 
fragments . ............................................ 6 9 2. 06 
8. Chalk, shaly, medium light gray to light olive 
gray (N6.5-5Y6.5/1}, bioturbated with medium to 
large irregular burrows, "white specks" 
uncommon, gradational with adjacent units ••••••••••••• 4 2 1.27 
7. Chalk, light gray (N7), well-indurated, vaguely 
burrowed, layer of Pseudoperna congesta 6 1 11" 
above base of unit .•.••....•..•....••.•...•..•..•••••• 9 3 2.82 
6. Chalk, medium gray to light gray (N6-N7), with 
conspicuous medium to large irregular burrows, 
micaceous sand layer (?bentonite) 3" above base 
of unit ............................................... o 11 0.28 
5. Chalk, indurated, light gray (N7}, with medium 
to large irregular burrows and a scattering of 
"white specks" . .............................•...•..... 1 7 0. 48 
4. Chalk, well-indurated, light gray (N7-N7.5), 
pyritized Planolites montanus burrows 
conspicuous and abundant, medium to large 
Pseudoperna congesta, especially common in 
lower 2 feet, medium to large irregular burrows 
common .................................................. 7 J.I. 2.23 
3. Chalk, well-indurated, light gray to very light 
gray (N7-N8), vaguely to conspicuously mottled, 
with medium to large irregular burrows, a few 
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pyritized Planolites montanus burrows and other 
pyritized burrows, small to medi~ Pseudoperna 
congesta common along with occasional 
Inoceramtis prisms . ...................•................ 7 6 2. 29 
2. Chalk, light gray (N7) with some thin sandy 
layers, bioturbated, with large Pseudoperna 
congesta •....•...•...••.•••.•.•••.••••.•..•..•.•••••.• o 10 0.25 
1. Shale, slightly calcareous, medium dark gray to 
medium light gray (N4.5-N6), with Chondrites 
sp. form B burrows at the top as small, chalk-
filled, light gray (N7) tubes in shale; a few 
pyritized Planolites sp. burrows present •••••••••••••• 1 8 0.56 
Total thickness of section measured •••••••.••••••••••• 40 0 12.19 
Core S-12: Location-- SW1/4sW1/4 Section 31, T. 153 N., R. 55 W., Grand 
Forks County, North Dakota. 
Unit Description 
6. Chalk, shaly, light gray (N7), mottled, common 
Planolites montanus, pellet-filled burrows 3 to 
ft in m 
4 feet above base .••.•••••••••••••.••••••..••••••••.•• 11 7 3.53 
5. 
Chalk, light gray to very light gray (N7-N8), 
mottled, abundant Planolites montanus ••••••••••••••••• 9 1 2.77 
4. Chalk, very light gray (NB), abundant 
Pseudoperna congesta, inoceramid shells and 
prisms, small Planolites montanusl •••••••••••••••••.•• ! 4 Q.41 
3. Chalk, light gray to very light gray (N7-N8), 
mottled, common ?Trichichnus sp. burrows, rare 
pyrite nodules, Pseudoperna congesta and 
inoceramid prisms present ••••••..••••••••.••••••••..•• s 10 1.78 
2. Chalk, light gray (N7), bioturbated, laminae to 
fine-grained, micaceous, sand, irregular 
burrows . .•.......••.•••...•••............•..••...•.... 1 1 0.33 
1. Shale, moderately calcareous, medium gray to 
medium light gray (N5-N6), Chondrites sp. form 
B conspicuous in upper few inches ••••••••••••••••••••• o 8 0.20 
Total thickness of section measured ••••••••••••••••••• 29 7 9.01 
- - - -- ----------
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Core S-13: Location-- NW1/4SW1/4 Section 31, T. 153 N., R. 55 W., Grand 
Forks County, North Dakota. 
Unit Description ft in m 
6. Chalk, very pale orange (10YR8/2), oxidized, 
homogeneous or mottled •......••.•.•.•..••..•..•..••.•. 2 O o.61 
5. Chalk, medium light gray to very light gray 
(N6-N8), mottled, irregular medium burrows, 
uncommon Planolites montanus, rare Pseudoperna 
congesta and inoceramid pieces •••••••••••••••••••••••• 8 6 2.59 
4. Chalk, light gray tovery light gray (N7-N8), 
homogeneous to mottled, abundant Planolites 
montanus, small to medium Pseudoperna congesta 
near 'base ••••••.••.••..•••.•••.•••••••••.•.••••••..••• 11 6 3.51 
3. Chalk, very light gray (N7.5-N8), bioturbated, 
irregular burrows, small Planolites montanus, 
?Trichichnus sp. and pellet-filled burrows 
present, Pseudoperna congesta and inoceramid 
prisms common ••••••••.••••••••••••••••••••.••••••••.•• s 5 1.65 
2. Shale, moderately calcareous, medium gray to 
medium light gray (N5-N6), abundant Chondrites 
sp. form B ............................................ O 8 0.20 
1. Shale, moderately calcareous, medium gray to 
medium light gray (N5-N6), homogeneous to 
mottled, abundant Planolites montanus, 
Pseudoperna congesta and inoceramid prisms 
present ......................•......•................. 1 11 0.59 
Total thickness of section measured ••••••••••.•••••••• 30 0 9,15 
APPENDIX B: LOCATIONS OF WELLS 
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Table 6. Locations of Wells 
A. N.D.G.S.-numbered wells 
Well No. Location Operator Well Name 
Barnes County 
401 SESW 23-143-61 Pollard & Davis Gregory #1 
11678 NWSE 30-1111-61 Johnston Drilling C. Johnson #1 
Benson County 
601 NWNE 23-156-69 Shell Oil Co. John Stenson #1 
616 NESW 5-156-68 Shell Oil Co. B. Jorgenson #1 
624 NWSE 34-156-70 Shell Oil Co. J, O. Crum #1 
632 NWSE 31-154-70 Galvert Drilling Stadum #1 
636 SENE 17-153-68 Shell Oil Co. C. Torgerson #1 
645 NENW 27-153-67 Shell Oil Co. M Christensen #1 
651 NESE 21-151-69 Shell Oil Co. C. Hvinden #1 
654 SENE 21-152-69 Shell Oil Co. E. Spidahl #1 
660 SENE 16-152-68 Shell Oil Co. J. K. Myre #1 
663 NENW 10-151-70 Shell Oil Co. R. Gigstad #1 
678 NWNE 22-153-69 Shell Oil Co. L.A. Todstad #1 
683 NENE 2-154-69 Shell Oil Co. H, R. Hofstrad #1 
692 NESW · 2-156-67 Shell Oil Co. O. Sinness #1 
2537 SESW 10-151-67 Pan American L. Jorde #1 
4108 SESE 26-151-71 Don Bills R. Olson #1 
5082 NWNW 8-152-69 Wilhite-Simcox A. Engstrom #1 
5204 SENW 25-153-71 Superior Oil Co. Vetter #1 
Burleigh County 
19 swsw 6-140-77 Continental Oil Strat Test G-18 
145 NWNW 32-137-76 Continental Oil P. Mccay #1 
155 NENE 9-140-75 Continental 011 Dronen #1 
701 NENE 36-1411-75 c. Hunt Trust Board Univ. #1 
723 NENE 36-139-76 C. Hunt Trust R. P. Schlabach #1 
756 SESE 32-137-77 c. Hunt Trust R. Nicholson #1 
763 SESE 14-144-77 C. Hunt Trust A. Novy #1 
765 SWSW 31-142-76 C. Hunt Trust C. Mad (N) U C307 
1371 SESW 30-143-75 Continental Oil J. F. Miller #1 
1375 SESW 15-141-75 Calvert Drilling A. Roesler #1 
11109 
4201 NWNE 36-140-76 Chevron Oil Co. N. D. State #1 
4249 NESW 27-142-75 Chevron Oil Co. B. B. Deckert #1 
6253 swsw 5-141-75 Gulf Oil Corp. Koski #1 
6255 NENW 28-142-76 Tom F. Marsh Liuska #1 
6264 NENE 9-139-76 Tom F. Marsh Funston #1 
6690 SESE 19-141-75 Tom F. Marsh State #1 
6726 SESW 11-142-76 Tom F. Marsh Oswald #1 
6889 NENW 33-141-75 Tom F. Marsh Quale #1A 
6902 SESE 13-140-76 Tom F. Marsh Jungroth #1 





SESW 1-140-76 Tom F. Marsh 
NWSW 12-140-76 Tom F. Marsh 
Berger #1 
A. Seibel #1 
. Cavalier County 
27 NWNW 28-159-63 Union Oil Co. c. Skjervheim #1 
31 NWSW 32-160-60 Union Oil Co. L. Wohletz #1 
36 NWNE 12-161-60 Union Oil Co. Ellis #1 
37 SWNW 26-162-64 Union Oil Co. Restad #1 
549 swsw 16-159-59 Union Oil Co. Hearth #1 
1694 NWNW 10-162-63 Johnson Oil E. Moore #1 
2342 NWSW 3-160-57 Traugott-Gins! Goodman Estate #1 
2521 NESE 35-161-62 Amerada Petr. Co. A. Loewen T-1 #1 
4560 NENE 6-161-60 Chambers & Kennedy J. Waltz et al. #1 
4562 SESE 15-163-64 Chambers & Kennedy E. Bassingthwaite #1 
Dickey County 
682 SESE 34-130-63 Snowden c. L. Gibson #1 
1394 NWNW 22-129-66 Calvert Drilling M. Kamm #1 
Eddy County 
437 NWNW 16-150-67 Calvert Drilling N. D. State #1 
768 NENE 8-150-65 Calvert Drilling #1 State #1 
1197 SWNW 35-148-67 Calvert Drilling D. F. Elliott #1 
1198 NESE 33-149-67 Calvert Drilling T. Irmen #1 
1274 SESE 9-148-62 Wetch et al. C. E. Blasky #1 
Emmons County 
23 NESE 35-133-76 Roesser&Pendelton J. J. Weber #1 
43 NESE 8-132-78 Peak Drilling Co. Ohlhauser #1 
742 SENW 30-134-75 Socony-Vacuum Oil Kruse F22-30-P 
4212 SESE 17-136-76 Chevron S. A. Engleman 2 #1 
4600 NENW 8-131-74 Forest Oil Corp. A. Gefroh #1 
4601 NWSE 14-131-74 Forest Oil Corp. L. Weber #1 
4602 NWNW 25-132-74 Forest Oil Corp.· A Meier #1 
4629 SESE 3-130-74 Forest Oil Corp. B. Hulm #1 
4843 NENE 21-131-77 Placid Oil Co. Jacobs #1 
4850 NENE 28-130-78 Placid Oil Co. Jakobsen #1 
5677 NWNE 28-133-74 Kelsch & Donlin Leier #1 
5679 NWNW 2:..133-14 Farmers Union Huber #1 
5680 NWNE 10-133-75 Kelsch & Donlin Loebs #1 
5681 NWNW 9-134-74 Kelsch & Donlin Orunfelder # 1 
7101 swsw 10-132-76 Keldon Oil Co. Horner #3 
Foster County 
287 NWNW 13-146-63 Frazier-Conray S. Dunbar #1 
295 SWNE 26-145-62 T. M. Evans Bailey #1 
334 NENE 24-145-64 T. M. Evans C. Erickson #1 
403 NENE 15-146-66 Pure Oil J.M. Carr #1 
652 SESW 20-145-67 S. D. Johnson J. Taylor #1 
661 SESE 17-145-66 S. D. Johnson C. W. Burnham #1 
1105 SESW 8-146-65 Cardinal Dr. Co.· J. S. Smith #1 
1112 NENE 23-146-66 Cardinal Dr. Co. N. A. Graves #1 
1126 NWNW 10-146-67 Cardinal Dr. Co. J.M. Anderson #1 







Gr ggs County 
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Calvert Dr. Co. 
Mike Wetch 
Bills & St Clair 
W. Topp #1 
H.F. Spickler #1-A 
Butts Farm. Assoc. #1 
45 7 SWNE 35-146-61 Chambers&Kennedy R.L.&F.L. Bailey #1 
47 O NESE 10-146-60 Johnston Dr. Co. V. Ott #1 
Ki der County 
4 NESE 36-141-73 
2 0 NESE 16-143-71 




Lo n County 
59 NWNE 6-136-73 
134 NWSW 8-136-71 
134 NWNW 25-136-71 
134 NWSE 28-136-71 
134 NESW 6-134-71 
135 NWNW 11-135-72 
137 NENE 26-134-69 
137 NWSW 21-133-71 
137 NWSW 3f-134-71 
139 SESE 22-134-71 
1835 NENW 20-133-72 
1903 SESE 26-134-72 
4551 NESE 13-136-73 
4552 SENE 7-136-69 
5008 SESW 26-134-72 
5032 NWNE 16-133-71 
5039 SESE 6-133-71 
5523 NWNW 29-135-73 
Mcin osh County 
89 NENE 15-131-73 
619 SWNW 33-130-69 
620 NESE 13-130-69 
621 NWNW 19-130-69 
622 SWNW 17-131-69 
1391 NWNE 5-129-70 
4549 SESW 10-129-69 
4550 SENE 1-131-67 
4603 NENW 29-131-73 
5033 swsw 33-132-71 
5034 SESE 26-132-72 
5713 SWNE 29-130-70 
5714 SESE 3-129-71 
5715 NENW 11-130-70 
Magnolia Petr. 
Carter Oil Co. 
C. Hunt Trust 
Co. N. D. State A #1 
N. D. State #1 
E. B. Sauter #1 
Vaugh Petr. Co. 
Don Bills 
C. Hunt Trust 
Calvert Dr. Co. 
Calvert Dr. Co. 
Calvert Dr, Co. 
Calvert Dr. Co. 
Calvert Dr, Co. 
Calvert Dr. Co. 
Calvert et alia 
Calvert et alia 
Calvert Dr. Co. 
H. Hanson Oil Syn. 
H. Hanson Oil Syn. 
Chambers&Kennedy 
Chambers&Kennedy 
Galaxy Oil Co. 
Galaxy Oil Co. 
Galaxy Oil Co. 
Wiser Oil Co. 
Gen. Atlas Carbon 
Calvert Dr. Co. 
Calvert Dr. Co. 
Calvert Dr. Co. 
Calvert Dr. Co. 
Calvert Dr. Co. 
Chambers&Kennedy 
Chambers&Kennedy 
Forest Oil Corp. 
Galaxy Oil Co. 
Galaxy Oil Co. 
Home Petr. Corp. 
Home Petr. Corp. 
Home Petr. Corp. 
H. Smith #1 
J. Bjur #1 
F. M. Fuller #1 
c. A. Zimmerman #1 
R. Craig #1 
A. Bakken #1 
K. Jensen #1 
A. Gerber #1 
A. Lang #1 
E. Will #1 
L. Burnstad #1 
B.A.&T. Welder #1 
J. Piatz 
L. Wald, et al. #1 
H. C. Graf Est. #1 
Burnstad #1 
State #1 
M. Wangler #1 
B. A. Weigel #1 
A. Ketterling #1 
M.A. Wishek #1 
c. C. Nitschke #1 
J. Bender #1 
K, Schock #1 
C. Rot.t #1 
R. Roeszla!" #1 
H. C. Isaak #1 
C. Brandner #1 
Niess #1 
S. Rudolf #1 
Baumann #1 
Dockter #1 
Wishek Invest. #1 
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elson County 
934 SESE 5-152-60 Reelfoot Dev. Co. L. & A. Bryl #1 
558 SENW 211-153-60 Chambers&Kennedy A. Bjorge #1 
561 NWNW 33-149-61 Chambers&Kennedy S. J. Quam #1 
607 NESW 13-149-57 Northern Res. Inc. Hillesland #1 
633 SWNW 8-153-58 Johnston Dr. Co. E. Olson #1 
664 NWSW 32-151-61 Johnston Dr. Co. S. L. Haas #1 
714 NESW 36-152-60 Johnston Dr. Co. C. O. Hvidsten #1 
715 NWSE 15-149-59 Johnston Dr. Co. A. Quanbeck #1 
750 SWNE 23-149-61 Johnston Dr. Co. A. Flaaggen #1 
784 NWNW 16-152-59 Johnston Dr. Co. A. Anderson #1 
785 NENE 6-151-60 Johnston Dr. Co. Gritz #1 
102 NENE 33-149-61 Colorado Oil&Gas Quam #1 
ierce County 
30 NENE 28-158-72 Ajax Oil Co. Bell #1 
74 NWSE 19-158-74 Phillips Petrol. 0. Saude #1 
61 SWNW 22-154-74 Cslvert Exp!. Co. M. Voeller #1 g: SENW 12-158-69 Midwest Oil Corp. T. Mad U F136 NESE 17-154-72 Calvert Dr. Co. C.&J. Ramberg #1 
57 NWNW 11-154-73 Hyde & Assoc. Schaan #1 
,60 NWNW 18-156-73 Owen Drilling T. Jon #1 
67 NENE 6-152-73 Owen Drilling M Hager #1 
;oo SWNW 27-158-72 Cardinal Drilling L. Bell #1 f: SESE 23-157-70 Shell Oil Co. G. Marchus #1 SWNW 8-158-72 Mobile Prod. Co. Fleck #1 16 NWNE 3-158-70 Shell Oil Co. J. D. Bacher #1 1 0 NWSW 3-157-73 E. F. Wakefield Christenson #1 
1 57 SENW 26-157-74 cardinal Dr. Co. M. T. Thompson #1 
2 09 SENE 33-152-72 Cardinal/Gt. Am. R. Bessel #1 
2 30 SENW 17-155-73 Amerada Petroleum C. Bischoff #1 
2 28 NENW 22-157-74 Apache Oil Corp. Olson #1 
3 77 SENW 15-151-74 Cardinal/Oil cap. Hagar #1 
3 79 SWSE 11-153-74 Cardinal/Oil Cap. J. Schneider #1 
3 92 NWSW 21-153-74 Cardinal/Oil cap. F. Burgard #1 
3 20 SESE 23-152-74 A. J. Hodges A. Martin #1 
4 99 SWNE 36-152-73 D. D. Bills N. D. State #1 
4 67 swsw 33-154-73 Cardinal & Gaylor M. Klein #1 
5 1 SENW 30-157-74 Wilhite & Simcox M. Lervick #1 
5 05 NENW 2-151-74 Superior Oil Co. cartwright #1 
5 06 NENE 27-156-74 Superior Oil Co. Vangsnes #1 
5 37 NWSW 3-153-74 Superior Oil Co. Senger #1 
5 7 NENE 16-152-74 Cardinal/SW Min. Martin-State #1 
5 6 swsw 34-152-73 Getty Oil L. Vetter #1 
5,5 NWSW 25-155-74 Clinton Oil Co. E. Vetsch #1 8 0 SENE 15-158-73 South Ranch Oil Brossart #1 
I 
ey County 
0 NENE 29-158-62 Union Oil Co. Aanstad #1 
1 6 NENE 16-154-65 Carter Oil Co. A. MacDiarmid #1 
2 6 NENE 36-154-63 Northern Nat. Gas R. P. & B. T. Lee #1 
3 3 NWNW 17-158-62 S. D. Johnson M. D. Wolf #1 
4 7 NESW 13-153-63 Calvert Expl. Co. c. Jack #1 















Ro ette County 
3 NENW 23-161-73 
3 6 NWSW 23-160-70 
5 3 NWSW 16-163-69 
5 8 SESW 11-161-72 
5 9 SWNW 31-164-70 
5 1 swsw 27-161-73 
5 9 SESE 3-163-70 
2 SENE 8-160-73 
6 9 NWSW 5-163-72 
6 5 swsw 32-163-73 
7 2 SESW·l0-159-71 
7 4 swsw 18-161-70 
~
6 NESE 14-163-73 
7 NESE 22-160-72 
7 NESW 36-163-73 
1 SENE 26-163-72 
1 7 NWNW 16-162-71 
1630 NWSE 19-161-72 
16 6 SWNE 2-161-73 
2 20 SESE 25-162-72 
2 32 SENE 17-159-73 
2 85 NENE 8-161-71 
2 62 NWSE 21-161-73 
3 3 NWSE 8-161-72 
4 73 SWNE 12-159-71 
4 74 SESW 3-160-72 
4 60 NENW 1-159-72 
6 16 NENW 27-163-73 
6 52 NENE 16-163-73 
S eridan County 
37 NESE 22-148-74 
65 NENE 15-148-76 
84 NENE 1-147-75 
35 swsw 16-146-74 
1 1 NWNE 36-150-74 
1 05 NENW 8-145-75 
5 83 NENW 1-150-74 
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S. D. Johnson E. Werner #1 
McLaughlin Inc. Wolfe #1 
Amerada Petroleum J. T. Myklebust #1 
Amerada Petroleum R. A. Hammer #1 
Chambers&Kennedy G. Cunningham #1 
J. H. Johnston T. Overbo #1 
J. R. Black Estate C. J. Hiller #1 
J.M. Johnston M. Peters #1 
J. H. Johnston F. Horstein #1 
Dyna Ray Oil&Gas J.C. McCormick #1 
Miller & Fox Dr. E. Lorenz #1 
Tejas Oil Corp. E. Lorenz #1 
J. F. Whitesell J. Fisk #1 
Jones & Assoc. w. Martin #2 
Lion Oil Co. 
Evans Prod. Co. 
s. D. Johnson 
Ward Williston Dr. 
s. D. Johnson 
Cardinal Dr. Co. 
S. D. Johnson 
Cardinal Dr, Co. 
Sun Oil Co. 
Brit.-Amer. Oil 
Shell Oil Co. 
Brit.-Amer. Oil 
Brit.-Amer. Oil 
Lion Oil Co. 
Lion Oil Co. 
Lion Oil Co. 
Cities Sevice 
Gen. Crude Oil 
Gen. Crude Oil 
Cardinal Dr. Co. 
Amerada Petroleum 
The Ohio Oil Co. 
Unitex Ltd. 
Mar-Win Develop. 
Wolf Explor. Co. 
Wolf Explor. Co. 
Pubco Petr. Corp. 
H. A. Chapman 
· H. A. Chapman 
Germany&Cardinal 
C. Hunt Trust 
c. Hunt Trust 
c. Hunt Trust 
Gen. Crude Oil 
Gen. Crude Oil 
I. J. Wilhite 
Sebelius #1 
A. L. Johnson #1 
w. A. Lawston #1 
State "B"1 #1 
C. M. Bryant #1 
Cora Lamont #1 
M. Tingelstad #1 
A. Swanson #1 
A. Espe #1 
P. Wenstad #1 
E. M. Angle #1 
S. Grenier #1 
H. Dietrich #1 
P. P. Nelson #1 
N. D. State #1 
P. Danielson #1 
Chippewa #1 
A. Higgins # 1 
K. Tooke #1 
Y. Pigeon et al. #1 
Hansen Estate #1 
P. Mongeon "A" #1 
Bosley-Smith #1 
E. J. Horsman #1 
C. Skiepstad #1 
P. Malo #1 
Anklam #1-3 
R, A. Christianson #1 
N. D. State #1 
L. Fallon #1 
J. Waltz, Jr. #1 
J. R. Matz #1 
c. A. Pfeiffer #1 




Stu sman County 
4 NWNW 11-141-67 Barnett Dr. Inc. J. Gaier #1 
12 SENW 21-142-63 Gen. Atlas Carbon A. Peplinski # 1 
13 SWNE 15-142-65 Gen. Atlas Carbon F. Barthel #1 
37 NWNW 21-140-65 H. Hanson Oil R. Ogilvie #1 
I 40i 
NENE 20-140-65 H. Hanson Oil M. M. Mueller #2 
6  NWNW li-143-69 S. D. Johnson Dr. J. J. Johnson #1 
6li SESE 5-139-68 G. B. Butterfield R. Trautman #1 
66 SESW 25-137-67 Calvert Expl. Co. M. Meyers #1 
66i 
SESW 35-139-68 Calvert Expl. Co. C. Rav #1 
67 SESW 2li-139-67 Calvert Expl. Co. D. C. Wood #1 
67 NWSW 12-140-67 Calvert Expl. Co. G. Ganser #1 
671 
NWNW 12-139-67 Calvert Expl. Co. V. Wanzek #1 
67 NENE 26-138-67 Calvert Expl. Co. F. L. Robertson #1 
75 NWSE 1li-1li1-69 Socony-Vacuum Oil w. Gross F-33-1li-D 
li5li swsw 28-1li1-65 Chambers&Kennedy A.H. Perleberg et al. 
li55 NWNE 35-143-63 Chambers&Kennedy R. Nutt #1 
1155 NWNW 24-144-65 Chambers&Kennedy R. Nieland #1 
462 SENW 24-138-62 J.M. Johnston L. Nichols #1 
741 NENE 28-137-67 Kissinger Petr. Stern #1-28 
Towqer County 
10 SWSE 35-161-68 Union Oil Calif. A. Saari #1 
17 NWNE 18-163-65 F. H. Rhodes H. Murphy #1 
19 SWSE 17-157-65 F. H. Rhodes R. R. Gibbens #1 
22 SESW 31-158-66 E. F. Wakefield E. L. Hill #1 
39 SWSE 211-160-67 Midwest Expl. Co. H. Anann #1 
113 NWNW 27-163-68 Midwest Expl. Co. H. P. Jutenen #1 
398 SWSE 7-162-68 La Habana Corp. K. R. Dunlop #1 
ll55~ SESE 6-163-68 Chambers&Kennedy Mickelson/N.D. #1 
1197 swsw 2li-163-67 J. T. Wamsley M. H. Johnson #1 
Walt County 
262 NENW 9-156-58 Traugott Drilling H. Bakke #1 
! 
Welt County 
207 SESE 27-146-73 Continental Oil J. Lueth #1 
336 SENW 13-148-73 Germany&Csrdinal T. c. Faul #1 
384 NWNE 13-1115-71 Germany&Cardinal G. J. Seibel #1 
385 SESE 26-145-72 Germany&Cardinal G. Bahnmiller #1 
425 SESE 32-1115-72 Germany&Card!nal Dickinson #1 
609 SWSE 14-148-71 C. Hunt Trust G. Leitner #1 
635 NENE 30-145-68 S. D. Johnson C. Hagel #1 
6421 NWNE 32-150-70 C. Hunt Trust O. Larson #1 
689. NENE 31-147-71 C. Hunt Trust B. L. Dev U B307 
1211 I NENE 8-1li6-68 Calvert Dr. Co. F. Zwingle!' #1 
138lil swsw 16-1li7-73 Continental Univ. Sch. Lds. #1 
3296 NWNE 22-149-73 Cardinal Petr. A. Patzer #1 
37281 NENE 30-148-73 Apco Oil Corp. A. Martin #1 
3754 SWNE 34-1li8-73 Apco Oil. Corp. Mathison #1 
11094 NENW 2-1li6-71 Don Bills T. & C. Knodel #1 
.-1 4252 SWNE 28-145-73 Chevron w. A. Grimm #1 
5092 NENE 34-150-71 Gulf Oil Corp. G. A. Brauer #1 
5106 SWNE li-149-71 Gulf Oil Corp. C. M. Albrecht #1 
5 25 
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SESE 35-149-71 Gulf Oil Corp. F. Koenig #1 
B Stratigraphic Test Wells 
1. Operator: Northern Resources, Inc. 
W 1 No. Location Well Name 
Gr nd Forks County 
NR 20 SWSWSW 26-149-56 
NR 34 SWSWSE 8-149-56 
NR 53 6-149-56 
Gr ggs County 
NR 3 SWNENE 3-147-58 
NR li SWSESW 1li-1li7-58 
NRj5 NESWSW 8-1li7-58 
NR 8 W 28-1li8-58 
NR-14 SWNENE 14-148-58 
NR- 3 NWSE 21-148-59 
NR- 9 SWNESW 30-147-58 
NR- SENWSE 22-147-58 
NR- 1 SWSE 24-144-58 
NR- 9 NENWNE 15-147-59 
NR-J~ SESENE 29-145-58 
NR-~ NESW 16-146-58 
HR-,1 SENWSW 18-144-58 
NR- 5 NWSE 5-148-60 
NR- 6 NENENE 23-146-59 
Nels\on County 
NR-7\ SW 10-149-58 
NR-9\ SENWSE 10-151-58 
NR-12 SWNWNE 25-149-57 
NR-1 NENWNW 5-150-58 
NR-2 NWNWNW 27-150-57 
NR-3 NWNE 4-149-59 
NR-3 SWSW 27-149-59 
NR-3 SWNWSE 10-150-58 
NR-4 SENWSE 12-151-58 
NR-4 NESESE 6-149-57 
NR-4 NWNWSW 34-151-57 
NR-5 CNWNE 24-150-59 




























































































NR~ 13 NIOOINE 9-156-59 
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A. Benoit #B-5 
Hell #B-6 
O. Romeo #B-7 
E. Amundson #b-8 
McDowall #B-9A 
A. Hiltner #B-10 
J. Zarn #B-11 
R. Rueger #B-12 




















Site No. 2321 
Site No. 2385 
Site No. 2241 
Site No. 2118 
Site No. 2023 
Site No. G-0 2311 
Site No. D-0 2072 


















0. Soberg #1 











APPENDIX C: DEPTHS OF STRATIGRAPHIC HORIZONS 
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T ble 7. Depths, in feet below the Kelly bushing, of tops of 
s ratigraphic units used in the construction of isopach maps. The 
f411owing abbreviations are used to head columns: 
Entire area: 
K.B., height above sea level of the Kelly bushing 
G.L., height above sea level of the ground level 
I 
1carlile, depth of the top of the carlile Shale 
\carldefl, depth of the upper carlile Shale deflection 
So1thern area: 
upshch, depth of the top of the upper shaly chalk 
chalk, depth of the top of the chalk 
mishch, depth of the top of the middle shaly chalk 
lt5hale , depth of the top of the shale 
~oshch, depth of the top of the lower shaly chalk 
\ 
Nor~hern area: 
~halk, dpeth of the top of the chalky member 
calcsh, depth of the top of the calcareous shale member 
· alcshII, depth of the top of the upper unit (II), of the calcareous 
sha e member 
alcshI, depth of the top of the lower unit (I), of the calcareous 
sha e member 
A. S-NUMBERED WELLS 
Barns County 
















































































































5082 1613 944 1067 1145 1176 
5204 1627 1000 1200 1302 
Burleigh County 
Well No. K.B. upshch chalk calcsh carlile Carldefl 
19 1593 1623 1664 1790 1920 
145 1869 1323 1334 1383 1520 1615 
155 1912 1427 1467 1512 1627 1720 
701 2023 1643 1672 1690 1765 1900 
723 1880 1392 1433 1560 1658 
756 1412 1422 1468 1607 1707 
763 1691? 1734 1860 
765 2027 1750 1793 1905 2034 
1371 2051 1606 1680 1712 1812 1961 
1375 2073 1622 1660 1703 1825 1910 
1409 1676 1714 1827 1963 
4201 1875 1433 1475 1600 1697 
42li9 1878 1482 1513 1546 1656 1751 
6253 2075 1688 1733 177ll 1894 1986? 
6255 1660? 1723 1840 
6264 1938 1506 1545 1656 1763 
6690 2001 1570 1602 1646 1758 1868 
6726 1913 1553 1618 1741 1850 
6889 2010 1577? 1613 1656 1772 
6902 1912 1496 1548 1652 1763 
6911 1918 1530 1580 1690 
6927 1952 1552 1593 1699 1810? 
6948 1896 1500 1549 1656 
cavalier County 
Well No. K.B. chalk calcsh Carlile carldefl 
27 1562 529 554 646 740 
31 1612 433 511 630 
36 1646 362 455 590 600? 
37 1630 623 742 843 
549 1610 515 587 
1694 1586 545 616 708 790? 
2342 1558 302 385 505 533 
2521 1582 444 530 610 688 
2608 1569 492 541 640 723 
4560 1588 356 444 562? 6114 
4562 1588 596 630 727 815 
Dickey County 
Well No. !C.B. chalk calcsh Carlile carldefl 
682 1461 410 486 617 
1394 2196 1208 1305 1356? 
- - -- ---------
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Eddy County 
Well No. K.B. chalk calcsh Carlile Carldefl 
437 1478 681 805? 868 942 
768 1561 741 860 921 
1197 1557 753 918 1011 
1198 1559 770 874? 950 1033 
1274 1584 567 684 853 
Emmons County 
Well No. K.B. upshch chalk shale loshch Carlile Carldefl }/ .. ,. . ,;_ C;. ""' 
23 2012 1240? 1278 1340 1380 1460 1~:')·? .i~:a 
43 1170 1210 1265 1280 1333 
742 2044 1282 1330 1400 1450 1503 1610 
11212 1890 1276 1330 1386 11162 1503 16111 
11600 1928 1050 1086 1163 1230 1290 1369 JO 3_·_) .'b'""') 
4601 2013 1121 1155 1220 1297 1365 11120 IO'c/' 
: ~;,:_·'( 
11602 - ,,,,1960 1092 1130 1192 1270 1330 1387 ,!::,,.;c, ! '~- ·-
11629 20011 1100 1138 1210 1280 1355 
11681 1990 1110 1160 1230 12911 1375 11132 / ·:-:, '' -.,_ 
11843 1200 1240 1290 1325 1360 1523 
11850 1093 11110 11911 1228 1287 11123 
5677 2035 1183 1248 1315 1387 1432 1515 ffT0 ;3 c':;) 
5679 2128 1325 1355 1434 1518 1555 1632 i?...--.. "") p ·.1.--
5680 2041 12114 1294 1367 1422 1469 1565 }~~: .. 
5681 1948 1197 1239 1304 1385 11125 1502 ,:.-., i ! ·:-:;:;< 
7101 1887 1126 1152 1207 1250 1310 
Foster County 
Well No. K.B. chalk calcsh Carlile Carldefl 
287 1518 593 qz.5 756 797? 
295 1496 500 qq1,. 628? 688 730 
334 1547 592 '1 s5 818 880 
403 1547 671 'S 11o 885 956 
652 1659 900 1S'\ 1023 1087 1151 
661 1596 754 B'\<- 810? 956 1012 
1105 1533 654 e, ,, 870 944 
1112 1536 690 8'\ ,., 910 977 
1126 1589 763~<-lo 970 1045 
1205 1588 825 '7/. Z 912? 940 1042 
1208 1503 627 871., 665? 757 830 
1227 1463 540 'I i2, 614 692 758 
5392 15811 81111?0 900? 940? 1019 
Griggs County 
Well No. K.B. chalk calcsh Carlile Carldefl 
4557 1456 1149 486 603 664 
4720 1472 432 456 550 684 
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Kidder County 
Well Ho. K.B. upshch cnalk calcsh Carlile Carldefl 
24 1968 1454 1500 1575 
230 1889 1296 1344 1436 1540 
748 1848 1433 1461 1580? 
LaMoure County 
Well Ho. K.B. upshch chalk calcsh Carlile Carldefl 
3999 1653 666 730 830 871 
5117 1970 1037 1050 1120 1174 1192 
Logan County 
Well No. K.B. upshch chalk mishch shale loshch Carlile Carldefl 
590 2011 1355 1400 1468 1513 1550 
1346 2022 1257 1308 1398 1484 1544 
1347 1917 1100 1163 1200 1251 1313 1394? 
1348 2005 1213 1262 1303 1365 1446 1481 
1349 2111 1310 1360 1410 1465 1520 1546 1584 ;'3,~ If!, ?.t. 
1355 2069 1283 1340? 1436 1523 1570 
1376 1954 1045 1110 1150 1206 1294 
1377 2054 1180 1235 1289 1387 1455 1461 I I:;,. 3. /71,., 
1378 2031 1186 1240 1285 1345 1385 1433 1442? Ii"'> S 
.::, ..... ") 
1390 2013 1201 1243 1289 1348 1427 1450 //~':;:. 
,. ~--
n~ ·.~::.. 
1835 2004 1161 1221 1270 1307 1369 1430 1464 11:-:,/ I;,.,·.'.; 
1903 1974 1112 1170 1235 1288 1346 1426 --- 10·.,·.c f.',::, 7 7-, 
4551 2048 1302 1328 1398 11135 1503 1546 1603 
4552 1881 1070 1128 1177 1227 1270? 1328 
5008 1955 1096 11511 1218 1269 1327 1407 1414 lt:1" .. ? r· .. :_,; 
5032 2068 1200 1250 1305 1365 1410 1470 fi,'9') 17:7 
5039 2059 1182 1229 1296 1351 1397 1477 jn/0 .1"7:_ ~ 
5523 2117 1330 1393 1450 1540 1595 
McIntosh County 
Well No. K.B. upshch chalk mishch shale loshch Carlile Carldefl 
89 2176 1273 1318 1373 1468 1525 --- tz;,_o 19,-·}_/•, 
619 2024 1045 1092 1170 1232 1284 
620 2042 1080 1115? 1188 1236 1301 
621 2056 1089 1124 1230 1278 1335 
622 2143 1200 1250 1307 1357 1430 
1391 2042 1045 1070 1165 1244 1288 1344 
45li9 2038 1057 1105 1176 1250 1300 
4550 2009 1020 1047 1103 1251? 
4603 2106 1223 1253 1318 1400 1480 1513 (/!,.9-, 
/~--.,/) 
5033 2157 1228 1263 1347 1408 1458 1508 --- //'-'10 /7CJD 
5034 2155 1263? 1318 1373 1424 1481 1551 --- }2(U. l'r. \Q,, 
5713 2025 1035 1083 1150 1227 1280 1340? 
5714 2085 1104 1140 1218 1277 1329 1394 
5715 2142 1088 1142 1196 1272 1344 
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Nelson County 
Well No. K.8. chalk calcshII calcshI carlile Carldefl 
19311 1521 1165 502 5116 586 700 
4558 1519 437 500 600 691 
4561 1519 486 536 552 583 732 
4607 1485 219 327 380 433 488 
4633 1519 396 465 500 578 623 
4664 1473 4511 500? 519? 553 
4714 1407 439 1186 507 570 671 
4715 1359 257 300 333 380 
4750 1518 498 543 562 600 726? 
4784 1527 452 512 546 607 683 
4785 1496 454 500 520 573 688 
5102 1543 515 560 586 620 768 
Pierce County 
Well No. K.B. upshoh chalk calcsh carlile Carldefl 
30 1570 1088? 1116 1198 1319 
274 1487 1124 1150 1175? 1275 1396 
361 1545 1119 1137 1167 1224 1429 
435 1589 820? 862 954? 1099 
538 1566 1078 1198 
557 1555 1095 1127 1197 
560 1528 1112 1180 1379 
567 1531" 1123 1207 
600 1638 1147 1176 1383 
706 1652 1066 --- 1187 1282 
712 1642 1168? 1180 1387 
716 1608 976 1008 1066 1220 
780 1486 1073 1107 1246 1295 
1457 1488 1080 1087 1116 1155 1360 
2209 1624 1093 1303 1411 
2530 1559 1156 1230 1409 
2728 1480 1094 1110 1175 1384 
3877 1577 1173 1193 1221 1318 1475 
3879 1560 1168 1200 1255 1435 
3892 1610 1231 1260 1305 1509 
3920 1605 1170 1203 1227 1279 1479 
4099 1593 1120 1130 
4567 1503 1016 1044 1130 1328 
5081 1489 1182 1195 1244 1420 
5205 1671 1248 1282 1302 1402 1565 
5206 1603 1187 1256 1451 
5237 1581 1173 1216 1247 1282 1486 
5307 1547 1125 1160 1180? 1257 11138 
5576 1579 1117 1160 1207 1408 
5765 1564 1140 1168 1210 1429 
8880 1145 1198? 1311 1433 
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Ramsey County 
Well No. K.B. chalk calcsh Carlile Carldefl 
20 1544 553 685 780 
196 1487 ~47 672? 752 871 
246 1517 561 595 677 779 
383 1556 532 586 690 7811 
1107 11187 536 578? 647 751 
408 1489 550 577 6119 752 
411 1557 528 565 668 763 
422 1534 525 579 675 773 
2522 15119 474 557 659 730 
2523 1501 563 586 695 796 
4559 1516 487 538 633 730 
4635 1522 557 596 650 775 
4745 1510 517 560 650 762 
4755 · 1506 546 648 760 
4771 1468 565 610 678 782 
4783 1503 520 560 645 
4860 1457 624 731 
4914 15111 482 542 630 728 
5177 1557 512 580 668 774 
6627 1500 505 542 620 723 
7953 1473 1195 527 600 
Rolette County 
Well No. K.B. chalk calcsh Carlile Carldefl 
83 1627 1047 1090 1185 13114 
316 1691 1028 1050 1120 1278 
553 1868 1069 1094 1147 
568 1677 1056 1103 1192 1342 
569 1919 1302 1308 1368 1501 
571 1594 1034 1080 1160 1322 
579 1902 1170 1184 12115 1379 
582 1565 1033 1148 1315 
659 2288 1674 1695 1790 1917 
685 2042 1458 1495 1603 1742 
702 1599 1005 1046 1108 1279 
754 17311 1093 1116 1174 1330 
806 2180 1583 1607 1708 1841 
917 1602 1003 1052 1116 1296 
927 2198 1593 1736 
981 2218 1583 1606 1609 1827 
1517 2158 1523 · 1540 1614 1756 
1630 1632 1032 1084 1176 1338 
. 1666 1675 1080 1150 1232 1389 
2220 1939 1299 13211 1410 1563 
2632 1500 1100? 1228 1308 
2685 1724 1084 1117 1197 1350 
2862 1607 1058 1100 1184 1348 
3083 1665 1045 1096 1157 1349 
11173 1629 999 1025 1098 1267 
4174 16113 1028 1080 1164 1327 
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4360 1612 1035 1082 1136 1319 
6016 2106 1499 1539 1643 1777 
6052 2087 1510 1544 1654 1710 
Sheridan County 
Well Ho. K.B. upshch chalk calcsh carlile carldefl 
337. 1891 1467 1499 1529 1650 1798 
665 1793 1555 1569 1678 1855 
684 1849 1476 1504 1519 1647 1798 
693 1777 1802 1820 1900 2106 
735 1994 1653 1666 1746 1906 
1392 1780 1810 1912 2107 
1581 1624 1209? 1229 1247 1355 1518 
1605 2011 1823 2012 
5083 1740 1340 1355 1381 1540 1632 
Stutsman County 
Well No. K.B. upshch chalk calcsh carlile Carldefl 
40 1049 1087 1125? 1247 1288 
120 1493 497 547 720 747 
134 1552 616 863 911? 
370 1573 664 714 850 884 
406 1576 653 719 792 852 892 
602 1300 1345? 1454 
644 1945 1196 1207 1318 
668 1907 1043 1110 1195 1226 
669 1880 1073 1108 1150 1228 1289 
670 1874 1000 1057 1090 1180 1227 
671 1900 1048 1094 1138 1242 1286 
672 1867 995 1041 1092 1188 1234 
673 1919 1093 1130 1224 1260 
750 1893 1203 1251 1297 1360 1431 
4548 1570 677 708 910 915 
4555 1543 543 708? 772 804 
4556 1535 643 700 860 900 
4626 1437 252 271 299 557 
7415 2001 1132 1160 1215? 1288 
Towner County 
Well No. K.B. chalk calcsh Carlile carldefl 
100 1717 940 1031 1171 
171 1597 664 . 741 842 
194 1499 597 677 807 
227 1463 646 720 854 
390 1544 719 809 936 
434 1713 8411 896 971? 1086 
3980 1761 950 982 1049? 
4554 1737 898 938 1014 1125 





Well No. K.B. chalk calcsh Carlile Carldefl 
2623 1562 360 466 572 611 
Wells County 
Well No. K.B. chalk calcsh Carlile Carldefl 
207 1933 1484 Y4"-\ 1503 1600 1740 
336 1639 1155 '-':'3'-\ 1190 1228 1446 
384 1891 1306 S ;.s 1350 1470 1577 
385 1914 1413Sol 1430 1512 1653 
425 2060 1609 qsi 1620 1729 1826 
609 1612 1002 ,_,,o 1110 1158 1327 
635 1782 1043 ij'( 1132 1240 1318 
642 1599 1013 Sg'.,, 1177 1291 
689 1702 1162 su::, 1206 1316 1436 
1211 1608 9Cl210• 1024 1083 1144 
1384 1941 1518 ~23 1545 1654 1792 
3296 1622 1178 "<l'-\ 1211 1324 1464 
3728 1827 138943& 1418 1540? 1684 
3754 1673 1200 '-\E 1233 1350 1491 
4094 1762 1213 p.:, 1243 1354 1461 
4252 1998 1588 '40 1600 1680 1821 
5092 1615 1023 SA.?_ 1100? 1200 1335 
5106 1624 1046 S 11<, 1072? 1216 1327 
\" 
5125 1621 1028 S'I.:, 1122 1221 1360 
B. STRATIGRAPHIC TEST WELLS 
carter Oil Company 
Well No. G.L. chalk calcsh Carlile Carldefl 
C-1 1643 436 578 653 
C-3 1498 204 283 396 
'i. C-5 1555 286 3ll4 490 
C-6 1581 307 398 497 
C-7 1532 247 327 460 
C-8 1545 274 360 520 
! ,: C-9A 1583 274 363 489 
. C-10 1568 382 478 594 
C-11 1640 368 445 581 616? 
C-12 1624 348 430 569 600? 
'"'f" 
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Missile Test Wells 
Well No. G.L. chalk calcsh!I calcshI carlile carldefl 
MT-1 1433 313 360 385 405 5611 
MT-4 1527 387 457 503 588 617 
MT-5 1490 II 13 465 488 541 647 
MT-6 1529 363 4115 482 571 618 
MT-8 1603 1165 555 6711 714 
MT-9 1616 380 1162 592 
MT-10 213 326 400 439 
Northern Resources, Inc. 
Well No. G.L. chalk calcshII calcshI carlile Carldefl 
NR-1 1476 342 370 1105 524 
NR-2 1376 279 306 333 470 
NR-3 1456 365 400 431 549 
NR-11 1337 239 250 282 307 4113 
NR-5 1317 263 290 428 
NR-6 1538 372 ll 11 449 1182 600 
NR-7 1528 400 1120 460 512 600 
NR-8 1467 387 392 427 450 575 
NR-9 1497 381 li 10 447 516 
NR-10 427 503 540 618 681 
NR-11 463 725 
NR-12 1508 2311 343 396 436 512 
NR-13 390 493 526 596 637 
NR-111 1481 379 410 llli3 5118 
NR-15 1542 395 496 585 645 
NR-16 1572 426 530 628 673 
NR-17 1536 4110 527 615 692 
NR-18 530 616 660 741 
NR-19 1545 443 477 509 574 
NR-20 1389 110 222 281 340 406 
NR-21 1487 300 340 390 421 
NR-22 1310 128 153 198 303 
NR-23 11149 325 368 398 li26 556 
NR-24 1496 362 386 428 462 563 
NR-25 1451 2113 299 3110 367 475 
NR-26 1380 208 279 393 
NR-27 13119 188 230 267 370 
NR-28 1512 363 380 428 492 551 
NR-29 1414 298 335 360 407 537 
NR-30 1304 206 237 280 398 
NR-31 1454 331 379 421 439 582 
NR-32 1480 393 420 452 574 
NR-33 1475 367 412 440 492 597 
NR-34 1453 305 365 422 464 
NR-35 1485 330 365 546 
NR-36 1472 372 1113 1140 493 617 
NR-37 1522 424 4119 489 564 642 
NR-38 451 521 613 695 
NR-39 1472 382 427 1157 481 616 
NR-40 1546 517 580 686 771 
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NR-41 1531 413 456 1!86 557 
NR-112 1530 352 3911 439 469 573 
NR-43 1508 437 497 570 
NR-44 1477 292 349 400 437 525 
NR-45 1253 146 247 
NR-46 1480 249 342 381 414 524 
NR-47 1505 364 380 426 500 562 
NR-48 1454 356 382 421 549 
NR-49 1416 322 362 389 417 545 
NR-50 1432 322 336 374 410 540 
NR-51 1423 317 344 372 400 550 
NR-52 1491 397 423 458 525 621 
NR-53 1455 196 302 358 417 461 
NR-54 1537 361 403 442 484 590 
NR-55 1457 404 440 466 503 639 
NR-56 1427 340 367 407 450 585 
NR-57 437 514 540 605 701 
NR-58 1501 420 445 479 547 650 
Ralph Brown Wells 
Well No. G.L. chalk calcshll calcshl Carlile Carldefl 
RB-1 287 380 435 514 564 
RB-2 105 218 286 339 396 
RB-3 211 322 377 447 492 
RB-4 371 405 453 519 567 
RB-5 166 284 353 
RB-6 219 335 510? 
APPENDIX D: CALCAREOUS NANNOPLANKTON PERCENTAGES 
-- -----------------
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Table 8. Species percentages 
samples. 
of calcarous nannoplankton in strew-slide 
Relative Strat Position* -74 -69 -67 -65 
Sample Number **: 
Species 
A2577.24 A2575.24 A2577.23 A2575.23 
1 • Ahmuellerella octoradiatus 1.2 1.2 1. 1 0.7 
2. Arkhangelskiella specillata o.o o.o 0.0 o.o 
3. Biscutum constans o.o o.o o.o o.o 
4. Broinsonia furtiva 0.6 o.o o.o 0.0 
5. Braarudosphaera bigelowi 1.8 18.5 0.0 o.o 
6. Chiastozygus cuneatus 3.0 o.o o.o o.o 
1. Chiastozygus plicatus o.6 o.o 1 • 1 1.4 
8. Cretarhabdus conicus o.6 o.o 1. 1 1.4 
9. Cribrosphaerella ehrenbergii o.6 o.o o.o 0.0 
10. Cylindralithus asymmetricus o.o o.o o.o o.o 
11. Eiffellithus eximius 1.2 2.3 1. 1 o.o 
12. Eiffellithus turriseiffeli 0.6 o.6 o.o 0.0 
13. Gartnerago costatum 2.4 5.2 o.o 0.7 
14. Kamptnerius magnificus 1.8 3.5 1 • 1 9.7 
15. Lithastrinus grilli 2.4 1.2 1. 1 1.4 
16. Loxolithus armilla 3.0 1. 7 7.5 2. 1 
17. Manivitella pemmatoidea o.o o.o o.o o.o 
18. Marthasterites furcatus 1.8 0.6 9.7 2.8 
19. Micula staurophora 15.9 16.8 45.2 27 .1 
20. Prediscosphaera cretacea 4.3 o.o 2.2 6.9 
21. Prediscosphaera spinosa o.o o.o o.o o.o 
22. 11Rhomboaster cuspis" 0.6 1.7 6.5 4.9 
23. Seribiscutum primitiva 0.0 o.o o.o o.o 
24. Vagalapilla.sp. o.6 0.6 o.o 1.4 
25. Watznauria barnesae 42.7 30.1 3.2 31.9 
26. Zygodiscus compactus o.o o.o o.o o.o 
27. Zygodiscus diplogrammus 5.5 2.9 1 • 1 0.7 
28. Zygodiscus theta 1.8 3.5 o.o 0.7 
29. Zygodiscus spp. indet 1.8 o.o 1. 1 o.o 
30. Species A. 4.9 9.8 17.2 6.3 
Assemblage I 
--------------------------------------
* Relative Strat Position refers to the number of feet above or below 
(-} the contact of the calcareous shale member and the chalky member. 
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-64 -60 -55 -54 -49 -45 -411 
A2577.22 A2575,22 A2575.21 A2577,20 A2577.19 A2575.20 A2577,18 
1 • 1.0 o.o o.o 0.8 o.o 1.8 3,5 
2. o.o o.o o.o o.o o.o o.o o.o 
3. o.o o.o 0.5 o.4 o.o 0.0 o.o 
4. 1.0 1.8 1.2 o.o o.o o.o 0.0 
s. 3.3 1.8 1.2 2.1 3.8 3.6 3.0 
6. o.o o.o o.o 8.2 0.5 o.o 16.2 
1. 1.0 2.7 0.8 0.8 2.4 o.6 o.o 
8. 1. 9 0.4 0.8 0.5 0.6 o.o 3.0 
9. 0.5 0,9 0.4 o.o 1.4 o.o 5.1 
10. 1.0 o.o 1.6 o.o o.o o.o o.o 
11. 5.3 7.6 4.1 9.6 1.0 6.0 2.0 
12. 0.5 o.o o.o o.8 o.o o.o 0.5 
13. 5.3 13.4 4.5 2.1 6.7 1.2 1.5 
14. 0.5 2.2 o.o 6.6 5.8 o.o 1.0 
15. 4.3 o.4 1.2 0.3 0.5 o.o 0.0 
16. 2.4 2.2 0.4 2.7 3.8 o.o 2.5 
11. o.o o.o o.o o.8 0.5 o.o 0.5 
18. 2.9 2.2 4.1 o.o 3,8 1.8 0.5 
19. 3.1 12.1 15.9 7.2 24.5 22.8 1.0 
20. 12.4 7 .1 2.9 18.6 6.3 8.4 12.6 
21. 0.5 o.o o.o 0.5 0,5 o.o 3,5 
22. o.o 1.3 0.4 0.3 o.o 0.6 o.o 
23. o.o o.o o.o 0.0 o.o o.o o.o 
24. 1.4 1. 3 0.4 0.3 0.5 1.2 3.0 
25. 30.1 27,7 53. 1 31.9 28.4 113.1 20.7 
26. o.o 0.9 0.4 0.8 0.5 o.o 2.5 
27. 8.6 2.2 3.3 2.7 2.9 3.0 13 .1 
28. 9 .1 5.8 0.4 1 • 1 1.9 o.o 3.0 
29. 3.3 3.6 2.11 0.5 1.4 4.8 1.0 
30. 0.5 2.2 0.0 0.3 2.9 0.6 0.0 
Assemblage II 
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-40 -35 -30 -26 -19 -14 -9 
A2575.19 A2575.18 A2575.17 A2575.16 A2575.15 A2575.14 A2575.13 
1. 1.7 0.4 0.0 o.o o.o o.o o.o 
2. o.o o.o 0.0 0.0 0.0 0.0 o.o 
3. o.o o.o o.o o.o o.o o.o 0.0 
4. o.o 0.0 0.0 o.o o.o o.o o.o 
5. 3.1 o.o o.o 0.0 0.0 0.0 o.o 
6. 6.6 1.3 0.0 o.o 0.9 o.o o.o 
7. 2.2 1. 7 0.4 0.0 o.o o.o 0.0 
8. 4.8 0.4 1.2 o.o 0,5 0,5 o.o 
9, 3.9 o.o 0.4 0.0 o.o o.o o.o 
10. o.o 0.9 0.0 o.o o.o o.o 0.0 
11. 3.5 0.9 0.8 0.0 o.o 0.5 o.o 
12. o.o o.4 o.o o.o o.o 0.0 o.o 
13. 1.7 2.6 2. 1 o.o 0.5 2.7 0.8 
14. 0.9 4.3 1.6 3.5 1.4 1.6 6.2 
15 o.o 0.9 o.o 0.8 0.9 0.0 0.0 
16. 2.2 4.7 2.1 1.6 2.7 3.3 4 .1 
17. 0.4 o.o o.o o.o o.o o.o 0.8 
18. 2.2 13.2 7.0 6.2 4.5 6.6 4. 1 
19. 13.5 45,5 49.0 65.8 60.9 49.5 66,7 
20. 8.7 2. 1 4.5 o.8 0.9 0.5 0.4 
21. 0.9 0.0 0.0 0.0 o.o o.o o.o 
22. 0.9 2.6 4.1 7.8 4.1 3.8 7.8 
23. o.o 0.0 0.0 0.0 0.0 o.o o.o 
24. 0.4 o.4 o.o o.o o.o 1.6 o.o 
25. 33.2 14.0 22.2 12.1 21.8 24.2 7.8 
26. 1.7 0.0 0.0 0.0 0.0 0.0 0.0 
27. 3.9 1.3 o.4 0.4 0.5 2.2 o.o 
28. 1.7 0.4 0.4 1.2 0.0 0.0 0.0 
29. 1.7 o.o 2.9 o.o o.o 2.7 o.o 
30. o.o 2. 1 0.8 0.0 0.5 0.0 1.2 
II Assemblage II I 
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-8 -5 -11 -3 -3 1 2 
A2576,8 A2580,7 A2575.12 A2580.6 A2576.7 A2575.11 A2580.5 
1. 0.1 1 • II 2.3 1.2 1.5 2.7 3.7 
2. 0.0 o.o o.o o.o o.o o.o o.o 
3. o.o o.o 0.0 o.o o.o 0.0 o.o 
II. o.o o.o o.o o.o o.o o.o o.o 
5. 0.0 1 .II 5.2 2.1 2.6 1.5 5.li 
6. 0.7 0.0 0.6 0.6 o.o o.6 0.3 
7. 0.9 2.0 1 • 1 1.8 1.8 0.3 0.0 
8. 0.9 1.0 0.0 0.6 0.6 0.3 2.0 
9. 0.2 0.3 0.9 0.6 1.2 2.7 1. 7 
10. 0.2 o.o 0.3 o.o 0.3 1.2 o.o 
11. 2.5 1 • Ii 0.3 2.5 2.0 3.6 6.2 
12. o.o 0.0 0.0 0.3 0.0 0.6 1. 1 
13. 2.3 5. 1 lj. 6 7.li 5.3 li.8 2.3 
111. lj. 1 1 • Ii 2.3 0.9 2.9 2.1 0.6 
15. 2.0 0.0 1. 1 o.o 0.9 0.3 1. 7 
16. 2.7 1 • Ii 6.3 lj .0 3.2 3.0 1. 1 
17. o.o 0.3 2.0 o.o 0.6 0.3 0.0 
18. 3.2 2.li 2.9 1.8 3,5 2.7 0.3 
19. 31.9 10.2 11.5 11.0 15.5 10.8 11.0 
20. 1.8 5.li 1. 7 6.7 )J. Ii 12.3 12.7 
21. o.o o.o 0.3 1.5 0.3 0.6 0.6 
22. 3.8 1.0 1. 7 0.9 2,3 o.o o.o 
23. o.o 1.0 2.0 1.2 0.0 o.o o.o 
211. o.o 2.0 2.0 1.2 1.2 0.3 0.8 
25. IJO.O 52.JJ 112.8 42.6 113.6 110.2 3/J.6 
26. o.o 0.3 o.o 0.9 0.3 o.o 0.3 
27. o.o 6.8 5.2 8.6 2.6 2./J 11.5 
28. 0.5 1.3 o.6 0.9 1.8 1.2 1. 1 
29. 1. )J 1.0 1. 7 o.o 1.2 ll.2 1. 1 
30. o.o o.o o.o o.o 0,0 o.o o.o 
III Assemblage IV 
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4 6 6 11 11 12 14 
A2578.20 A2577.11 A2575.10 A2579.18 A2575.9 A2576.5 A2579.17 
1 • o.o 6.3 1.3 3.8 2.0 ' 1.0 2.9 
2. o.o 1.3 o.o o.o o.o o.o o.o 
3. o.o 0. I\ 0.3 0.6 0.3 1.0 o.o 
4. o.o o.o o.o o.o 0.0 o.o o.o 
5. 6.5 0.4 5.7 3.5 1.8 5.1 1.0 
6. o.o 0.4 0.3 o.o 0.0 0.0 1.0 
7. o.4 0.4 o.o 3.5 0.3 0.6 o.o 
8. 2.4 1.3 1.3 0.6 1.5 1.0 0.5 
9. a.a a.I\ 1\.4 2.8 1.8 1.0 1.0 
10. o.o 2.1 1.9 1.9 1.0 1. 9 1. 9 
11. 1\.5 5.9 11.11 8.9 7.8 5.1 1 • 4 
12. o.o o.o 1.6 0.3 1.0 1. 9 0.0 
13. 2.8 3.0 4. 7 9.2 11.0 3.8 5.7 
14 • 4 .6 0.8 0.6 2.8 0.8 0.6 7.6 
15. a.a 0.4 1.6 1.9 1.0 0.3 3.8 
16. 2.4 3.0 o.6 o.o 1.5 1.3 1.0 
17. o.o 0.4 o.o 0.6 o.o 0.3 0.5 
18. 2.0 1. 7 0.3 1.3 o.o 0.0 1 • 4 
19. 10.9 9.7 5. 1 8.2 8.3 13.11 46.7 
20. 12.6 1 1. 4 10. 1 5.7 10.5 10.5 1.9 
21. o.8 0.11 1.9 o.o o.o 0.3 0.5 
22. 1. 2 0.8 o.o 0.3 0.3 o.6 1.0 
23. o.o 0.4 0.3 o.o 0.5 0.0 0.0 
24. o.4 a.a 1.6 3.2 0.3 1.3 0.5 
25. 34.8 31.2 38.3 27.5 45.1 35.11 16.7 
26. o.4 0.4 o.o o.o o.o 0.6 o.o 
27. 7.7 6.8 8.5 7.6 7.8 10.8 0.5 
28. 2.4 7.2 I\. 1 4.7 0.8 1.3 0.5 
29. 1.6 2.5 0.9 0.9 2.0 1 .0 2.1\ 
30. o.o o.o o.o o.o 0.0 0.0 o.o 
Assemblage IV 
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16 16 20 21 21 22 24 
A2577.9 A2575.8 A2578.17 A2577.7 A2575.7 A2576.3 A2579.15 
1 • 4.2 1.3 8.2 5.5 7.9 10.0 4.0 
2. 0.6 o.o o.o o.o o.o o.o o.o 
3. o.o o.8 0.3 o.o 1.3 0.3 o.o 
4. 0.6 o.o o.o o.o o.o 0.0 o.o 
5. 2. 1 2.5 1. 7 1.8 1.6 0.6 1.6 
6. 0.3 o.o o.o o.o o.o 0.0 o.o 
7. 1.2 1.0 2.1 0.1 1.3 , • 7 1.6 
8. 0.9 0.5 1 • ll 1. 1 o.o 0.6 o.4 
9. 1.8 o.5 ll.8 3.7 · 3.8 6.7 o.4 
10. o.6 o.o 0.7 O.ll 0.3 o.6 1.2 
11. 5.7 5.3 5.8 7.4 3.1 1.9 2.0 
12. 1.5 0.3 1.0 0.0 o.6 1 • 1 o.4 
13. 3.3 9.8 3.4 5.5 7.5 5.3 4.8 
14. 1.2 4.3 1.0 9.2 o.o 0.3 1.2 
15. 1.2 1. 3 3.1 0.7 9.7 5.0 6.3 
16. 3.6 2.5 5.1 1.5 1. 3 3.3 1.2 
17. 0.3 o.o 0.0 o.o o.o 0.0 o.o 
,8. 2. 1 2.8 1.0 1.8 o.6 0.3 0.8 
19. 12.0 25.8 18.7 111. 3 15.4 22.5 35.7 
20. 15.6 6.8 12.9 5.9 16.0 10.0 1.6 
21. 1.5 o.o 0.1 o.4 0.3 0.3 0.4 
22. 0.6 o.8 1.0 3.3 0.3 2.5 3.6 
23. o.o o.o o.o 0.0 o.o 0.0 o.o 
24. 1.5 0.3 4.8 0.4 1.9 1. 1 0.4 
25. 29,3 26.8 13.33 29.0 g.4 9.4 28.6 
26. 0.6 o.o 0.3 1.8 o.o 0.3 0.3 
27. 3.9 2.0 6. 1 2.6 8.2 6.9 0.8 
28. 2. 1 3.3 1.4 2.9 2.2 6.9 0.4 
29. 1.8 1.8 o.7 0.0 7.2 2.5 2.8 
30. o.o o.o o.o 0.0 0.0 o.o o.o 
Assemblage IV 
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26 28 29 31 32 34 36 
A2575.6 A2576.2 A2579.14 A2575.5 A2576.1 A2579.13 A2577.4 
1 • 6. 1 1.1 7.4 8.6 4.0 7.3 7.3 
2. 0.0 o.o o.o o.o o.o o.o o.o 
3. o.o o.o o.o 1.0 0.2 o.o 0.11 
4. o.o o.o o.o o.o o.o o.o o.o 
5, 3.3 4.2 2.9 4.3 1.5 1.6 o.4 
6. o.o 0.9 o.o 0.3 0.7 o.o o.8 
1. 1.5 1,5 1.0 2.3 1.8 1.6 2.0 
8. 0.3 1.2 1.6 2.0 0.9 0.5 1.6 
9. 1.0 3.9 2.9 4.6 25.9 5.7 3.2 
10. 0.3 1.2 1.0 0.3 1. 1 2.1 0.8 
11. 7,6 8.6 22.7 7.9 14.4 20,7 21.0 
12. 0.8 1.2 1.6 0.7 o.o o.o 0.0 
13. 1.8 3.3 2.6 4.6 2,7 5,2 2,0 
14. 1.5 0.6 1.6 o.o 0.2 0.5 0.0 
15. 7,6 3.0 1.9 1.3 0.9 1.6 0.8 
16. 2.3 1.5 0.3 1.3 2.0 3.6 6.5 
17. 0.0 0.3 o.o 0.0 o.o o.o 0.4 
18. 0.3 0.3 o.o o.o 0.2 o.o 0.0 
19. 20.3 12.8 11.3 12.9 5.8 6.7 4.4 
20. 21.3 11.6 8.4 11.9 1.1 15.5 11. 7 
21. 0.3 0.0 o.o 0.1 0.2 2.6 o.o 
22. 1.3 1.2 o.o 1.3 2.0 o.o 0.4 
23. 0.5 0.6 0.0 o.o 0.4 0.0 o.o 
24. 0.8 1.5 2.3 0.7 0.2 1.0 2.0 
25. 4.3 18.4 13.9 21.9 16.6 13,5 20,2 
26. 0.3 0.9 0.3 o.o 0.2 o.o 0.4 
27. 11.2 9.8 12.6 7.6 1.3 4.7 8. 1 
28. 2.3 1.2 1.3 0.7 1.3 2. 1 2.0 
29. 3.3 3.0 2.3 3.0 1.8 3,6 3.6 
30. o.o o.o o.o o.o o.o 0.0 o.o 
Assemblage IV 
36 41 47 49 50 52 52 
A2575.4 A2575.3 A2575.2 A2579.10 A2578.12 A2577.1 A2575.1 
1. 9.9 7.2 7 .1 9 .1 6.2 9.3 9.5 
2. o.o 0.0 o.o o.o o.o o.o o.o 
3. 0.5 0.9 1.4 1.2 0.8 0.3 1.3 
4. 0.0 0.3 0.0 o.o o.o 0.3 0.0 
5. 1.6 o.6 2.8 6.0 s.11 11.1 2.5 
6. 0.5 o.o 0.6 0.0 0.3 0.3 1.0 
7. 1.3 0.9 3.11 o.8 o.8 1.7 1.3 
8. 0.5 3.11 0.3 1.6 2.3 1.5 0.3 
9. 1.8 5.9 5.4 5.6 2.3 7,0 3.5 
10. 0.3 0.6 0.6 0.4 o.8 0.3 0.6 
11. 15. 1 18. 1 6.3 8.3 s. 1 13.7 19.0 
12. 0.5 o.6 0.3 0.4 o.8 0.0 0.3 
13. 4,7 3.11 6,3 11.0 2.8 0.9 3.8 
14 0.3 o.o o.o o.o 0.3 0,3 o.o 
15. 2.6 1,2 2.3 1.2 2.0 o.o 0.3 
16. 3.1 1.6 2.3 0.4 2.0 5.2 1.6 
17. o.o o.o o.o o.o 0.0 0.3 o.o 
18. 0.3 1.2 o.o 0.11 1.4 o.o 0.3 
19, 7.3 5.9 9. 1 7.5 9.6 4.1 8.6 
20. 10.2 22.1 111.5 18.3 15.2 19.2 14.3 
21. 0.8 0,9 0,9 0.9 0.6 1.1 1.0 
22. 1.0 0,3 0,9 1.6 1.4 0.6 0.6 
23. 0.3 0.0 0.6 0.0 0.0 o.o o.o 
24. 2. 1 1.2 1. 1 1.6 o.8 3.8 3.8 
25. 19. 1 9.0 14.2 12.7 16.3 8.7 8.9 
26. 0.5 0.3 1 • 1 1.2 1. 1 1.2 1.0 
27. 12.8 6.9 12.3 7 .1 9.6 8.7 9.2 
28 0.8 2.8 4.0 o.o 5.6 5.3 2.2 
29. 2.1 4.11 2.3 9.9 6.5 1.5 5. 1 
30. o.o o.o 0.0 0.0 o.o 0.0 o.o 
Assemblage IV 
54 64 74 79 80 89 94 
A2579.9 A2579.7 A2579.5 A2579.4 A2578.6 A2579.2 A2579.1 
1. 3.2 8.2 4.3 II. 1 6.4 0.9 6.7 
2. o.o o.o o.o 0.4 o.o 0.5 3.0 
3. o.4 1.4 2.7 0.7 o.o 1.4 2.3 
4. o.o o.o 0.0 o.o o.o o.o o.o 
s. 9.6 6 .4 3.8 II. 1 7.9 2.3 4.0 
6. 0.8 0.7 0.5 0.4 0.1 o.o 0.0 
7. o.8 3.6 0.0 3.4 2,9 0.5 3.0 
8. 0.8 3.2 0.0 2.2 2.5 0.9 0.0 
9, o.4 3,6 1.6 3.4 3,9 1.4 0.1 
10. 0.8 o.o 2.2 0.4 0.4 2,3 0.7 
11. 18,3 12.5 20.7 11.6 12.9 3.7 4.0 
12. 0.8 0.4 0.0 0,4 0.4 o.o 0.0 
13. 4.0 3.6 3,8 3,4 1.8 3,7 2.3 
14. 2.0 2.5 o.o 1 • 1 0.4 0.9 o.o 
15. o.o 1. 1 0.5 3.4 1.1 11.2 2.7 
16. 2.0 3.2 2.7 o.o 3.6 0.0 0.3 
17. o.o o.o o.o 0.4 0.4 o.o 0.7 
18. 0.4 0.7 0.5 0.7 0.7 1.9 o.o 
19, 13.1 15.3 16.3 20.9 18 .2 23.7 19, 1 
20, 13,9 8.9 8.7 6.7 10.0 9,8 12.0 
21. 2.8 1, 1 0.0 1. 1 0.4 0.9 0.3 
22. 0.4 0.1 o.s 2.2 0.0 o.o 0.3 
23. o.o o.o o.o o.o o.o 0.0 1,0 
211. 4.0 2.8 3.3 0.1 2,5 1 • II 1.3 
25, 7.2 5.7 9.2 19,4 8.6 31.2 211. 1 
26. 1.2 1. 1 o.o 0,7 1.8 o.o 0.1 
27. 8.4 7.8 7,6 4.5 9.6 1.9 5,4 
28. 11.4 5,7 1.1 2.6 0.0 6.0 4.0 
29. 0.4 o.o 3.8 1. 1 3.2 0.5 1.3 






1. 6. 1 9.3 
2. o.8 0.4 
3. 0.8 0.4 
4. o.o 0.4 
5. 3.8 2.5 
6. o.o o.o 
1. 3.8 11.3 
8. o.o o.o 
9. 3.8 II. 7 
10. 0.11 0.4 
11. 3.0 7.2 
12. 0.4 o.o 
13. 1.5 o.o 
14. 2,7 0.11 
15. 0.8 o.o 
16. 3.11 1. 1 
17. 0.0 o.o 
18. 0.8 o.o 
19. 16.7 9.3 
20. 11.0 8.6 
21. 0.11 0.7 
22. o.o o.o 
23. 0.8 2.2 
211. 1.5 6. 1 
25. 32.2 29.0 
26. o.o o.o 
27. 3.8 11.3 
28. 0.11 3,3 
29. 1.5 5.7 
30. o.o o.o 
IV 
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** The sample number consists of the accession number of the core and an 
additional number indicating the particular sample. The core and depth 













































































































































A2577 .15 N-2 
A2577.16 II 
A2577 .17 " 
A2577 .18 II 









































A2579, 10 II 
A2579.11 II 
A2579, 12 II 
A2579.13 II 
A2579. 111 II 
A2579, 15 fl 
























































A2579.17 PR-2 105 
A2579. 18 " 108 
A2579. 19 " 115.5 
A2580.1 S-5 47 
A2580.2 II 57 
A2580.3 II 72 
A2580.4 II 87.5 
A2580.5 " 97 
A2580.6 " 108 
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Plate 4: lsopach Map of the Chalky Member 
of the Niobrara Formation, Eastern North Dakota 
(includes the chalk and shaly chalk in southern area) 
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Plate 5: lsopach Map of the Calcareous Shale Member 
of the Niobrara Formation, Eastern North Dakota 
(i nc ludes unit s below chalk in sout hern ar ea) 
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upper shaly chalk 
chalk 
shale 
lower shaly chalk 
DATUM 
NDGS No. 4850 
-Placid 011 Co. 
Jakobsen +1 
NENE 28-130- 78 
Emmons Co., ND 
S.P. Res. 
-- --
NDGS No . 4843 
Placid Oil Co . 
Jacobs # 1 
NENE 21-131 - 77 





Wald # 1 
swsw 21-131 - 75 
Emmons Co .. NO 
I( 
) ' • .. , 
NDGS No. 4681 NDGS No.4600 
Forest Oil Corp . 
B. Hulm "*" 1 
SENW 12 - 132-75 
Emmons Co., ND 
-Forest Oil Corp. 
A. Gefroh f1 
NENW 8-131 - 74 
Emmons Co .. ND 
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NDGS No . 4603 
Forest Oi l Corp . 
C . Brandner + 1 
NEN·W 29-131 - 73 
Mctn1osh Co., ND 
--------------
NOGS No . 1391 NDGS No. 621 ND GS No. 619 NDGS No. 4549 
Calvert Drilling Co. Calvert Drilling Co. Calvert O.rilling Co . Chambers & Kennedy 
C . Rott #1 J. Bender # 1 M. A. Wishek + 1 A. Roe.szlar + 1 
NWNE 5-129 - 70 NWNW 19-130-69 SWNW 33-130-69 SESW 10-129- 69 
McInto s h Co. , ND Mclnto·sh Co .. ND McIntosh Co., ND McIntosh Co., ND 
¢=-- -- ----
NDGS No. 1394 
Calvert Drilling Co. 
M. Kamm # 1 
NWNW 22-129-66 
Dickey Co., ND 
{ 
f 
NDGS No. 682 
Snowden 
C. L. Gibson # 1 
SESE 34- 130-63 
Dickey Co .. ND 
~ 
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lower sha l y cha l k 
CARLI LE SHALE 
DATUM 
GREENHORN FORMATION 
NDGS No . 4629 NDGS N o. 4602 NDGS No. 1835 
Forost Oil Corp. Forest Oil Corp . H. Hanson O.il Synd. 
' Werlinger #1 
A. M(oie r +1 B,A,& T Welder # 1 
SESE 3-130-74 NWNW 25 - 132-74 NENW 20-133- 72 
Emmons Co., ND 
Emmons Co., ND Logan Go. ND 












NDGS No. 1903 NDGS No. 1349 
H . Hanson Oil Synd . Calvert Drilling Co . 
Jacob Piatz Knute Jensen # 1 
$ESE 26-134-72 NESW 6-134 - 71 
Logan Co ., ND Logan Co ., ND 
\ 
? 
ND GS No . 1348 
C~lve rt Drilling Co. 
Al fr e d Bakken #1 
NWSE 28-136- 71 
Log an Co ., ND 
NOGS No . 4552 
Chambers & Kennedy 
H. C. Graf Estate ,IA,l 
SENE 7-136-69 
Logan Co ., ND 
~I 
-- J \ ' --- ·-
-- 5: s ha /y ~---------------; ch alk 
~17-~ 
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Plate 7: Cross Section B-B', Greenhorn-Pierre Interval, Eastern North Dakota 
NDG S No . 668 
Calv ert Eq,I . Co. 
M a r gare t Meyers +1 
SESW 25- 137 - 67 






NDGS No. 673 
Calvert Expl. Co. 
F. L. Robertson 'II' 1 
NENE 26 - 138-67 






-- j .I i :::---- ,- - f - --~ - -
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NOGS No. 672 
Calvert Expl. Co. 
Vincent Wanzef{ ,i,, 1 
NWNW 12-139-67 




NDGS No . 406 
H. Hans<> n Oil Synd. 
M. M. Mueller #2 
NENE 20-140-65 
Stu1s man Co. , ND 
NDGS N o. 4548 
Chambers & 
Kennedy 
A. H. Perleberg 
el al+1 
swsw 28-141-65 
Stutsman Co., ND 
I ;>__ - " 
NDGS No. 134 
Gen. Atlas Carbon Co. 
F. 8orthel # 1 
SWNE 15-142-65 
Stutsman Co .. ND 
I I 
I 
-, '/ 7 -- -~7~ 1- 1> / 
. --~, , I / 
NOGS N<> . 4556 
Cha mbers & Kilnn,:,Jy 
R . Ni;, land # I 
NWN W 2 4- '144-65 
S!<Jt sman Co .. ND 
t 
-f 
< ',. --~ \ , ' ~ f -,' I / . "s 
NOGS No. 334 
T . M. Evans 
C . Er,ckgor, #1 
NEN E 24-145-64 
Fo5ter Co ., ND 
( 
NDGS No. 287 
Frazier-Con ray 
S . Dunbar +1 
NWNW 13-146-63 
Fu s ter Co ., ND 
NDGS No. 1274 
Wel c h Za~hme,er 
& Disney 
C . E . Blasky + 1 
SESE 9-148-62 




NDGS No . 4750 
J . M. Jvhriston Drilling 
A. Flaagg,rn +1 
SWNE 23- 149-61 




Northern Resources. Inc. 
McMillan +1 
NWNE 4-149-59 







Ne lson Co., ND 
l I C~ ~ , - --------~ 
NR 47 
Northern Resources. Irie. 
Odegaard + 1 
NWSW 34 - 151-57 
Nelson Co., ND 
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NOGS No. 1605 
Gen. Crude Oil Co. 
McElvain +1 
NENW 8-145-75 
Sheridan Co •• ND 
S.P. Re s. 
- ~ - -- - -
NDGS No. 4252 NDGS No.- 425 NDGS No. 385 NDGS No. 384 
Chevron Oil Co. Germany & Cardinal Germany & Cardinal Germany & Cardinal 
W. A. Gr imm "'1 Oic.kinson # 1 G. Bahnmiller + 1 . G, J. Sei_bel .,, 1 
SWNE 28- 145-7 3 SESE 32-145-72 SESE 26-145-1'2 NWNE 13"'145-71 
We lls Co., ND Wells Co., ND Wells Co., ND We.Its Co., NC 
- ·- - -- -.. - - -- ·· --
·------------------------- -------- ------ ---

































NDGS No. 635 NDGS No. 652 NDGS No. 661 
S. D. Johnson S. D. Johnson S. D. Johnson 
C. Hag~I # 1 J. Taylor + 1 C. W. Burnham '*' 1 
NENE 30-145-68 SESW 20-145-67 SESE 17- 145-64 
Wells Co., ND Foster Co., ND Foster Co ., ND 
- -
- ----------------- ·-. - --
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? ) ~ 
NDGS No. 334 
T. M . Evans 
C. Erickson # 1 
NENE 24-145-64 
Foster Co ,, ND 
- - -- - - --- - -
- - -- - - -- --
~ 
z_) ~ - ~ ~ -~) :_~ ·c:;_ - ~~ ~ = c=-
< 
NDGS No. 2 95 NDGS No. 4557 NDGS No. 4720 NR 56 NA 50 NR 1 NR 6 
T. M. Eva ns Chambers &Kennedy Johnston Drilling Co. 
Bailey # 1 R. L. & F.L. Balley #1 V. Ott #1 
SWNE 26 - 14 5-62 SWNE 35-146- 61 NESE 10-146-60 
Foster Co .• ND Griggs Co. , ND Griggs Co., ND 
Northern Northern Northern Northern 
Resources , tn c . Resources, Inc. Resources, Inc. Resources, Inc. 
Brown #- 1 Lura + 1 Overby + 1 Olson + 1 
NENE 23-146-59 NESW 16-146-58NENW 9-146-57 NWNE 11-146-57 
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C ----._.___,,,,..- C' 
10 m i 
,0 15 km 
I 
D 
SW NDGS No. 684 
Caroline Hunt Trust Estate 
J . A. Mat z +1 
NENE 15-147 - 75 
Sheridan Co .• ND 
S .P. Res . 
• 
NDGS No. 3728 NOGS No. 336 
Apco 011 Corp. 
Arthur Martin + 1 
NENE 30-148-73 
Wells Co., ND 
Germany & Ca r dinal 
Tony C. Faul # 1 
SENW 13-148-73 
Wells Co., ND 
( c;-- -
! ? -Pembina Member - l_ 
NDGS N o. 5106 NDGS No. 5092 NOGS No. 4108 NDGS No. 663 N DGS No . 654 NDGS No. 660 NDGS No. 645 
Gulf O il Co r p . Gulf Oi! Corp. 
C. M . Al brecht + 1 G. A. Brauer .,. , 
SWNE 4-149- 71 NENE 34-150-71 
Wells Co., ND Welts Co., ND 
r 
Don Bills 
Rueben Olson + 1 
SE:SE 26-151-71 
Benson Co .• ND 
Shell Oil Co. S hell Oil Co. Shell Oil Co. Shell Oil Co. 
Rudolph Gigstad +1 E ilert Sp idaht #1John K . Myre #1 Murph,; 
NENW 10-151-70 SEN E 2 1- 152-69SENE 16-152-66 Christensen 4'1 
Benson Co., ND Be ns on Co . , ND Benson Co . , ND NENW 27-153-67 
Benson Co . , ND 
-
ND GS N o . 196 
C arte r Oil Co. 
Alla n Mac Diarmid + 1 
NEN E 16- 154-65 
Ramsey Co . , ND 
NDGS No. 4771 
Johnston et al. 
Overbo # 1 
NWNW 2- 155-64 
Ramsey Co .• NO 
/ .,, _I, __ 
NDGS No. 4745 
John R . Black Estate 
Cecil J . Miller + 1 
NWSW 14- 156-62 
Ramse y Co., ND 
NDGS No. 2522 
Amerada Petr. Corp. 
R. A. Hammer + 1 
NENE 21-158-61 




Site No. D-0 2072 
SENE 33-159-60 
Cavalier Co., ND 
NDGS No. 549 
Union Oil Co. of Calif. 
Hearth + 1 
sws w 16-159-59 
Cav a lier Co., ND 
NDGS No. 2342 
Fred Traugott-Ginsi 
Goodman Estate + 1 
NWSW 3-160 - 57 
Cavalier Co., ND 
- - - - - I - ---1(- - ----\ / \ 
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w NDGS No. 6052 
H.A. Chapman 
State of North Dak ota + "1 
NENE 16 - 163-73 
Rolette Co., NO 
S. P. Res . 
Pembina Member 
NDGS N o. 659 
Sun Oil Company 
Arthur Espe + 1 
NWSW 5- 163-7 2 










S. D. Johnson 
C . M. Bry a nt Estate #1 
SWNW 31 - 164-7 0 
Rolette Co ., NO 
----------
NDGS No . 4554 
Chambers &Kennedy 
Mic ke lson--State of North Dakota 
SESE 6-163- 68 
Towner Co ., ND 
NDGS No. 4979 
Jas. T. Wamsley, Trustee 
Muriel J . Johns o n + 1 
sw s w 24-163-67 
Towner Co ., ND 
I 
\~ ,- -- - -\ ( - -
1 /;} - - - - -- -- ! < 
} \- - -- - ·-- -- - - i } - - --
\ I i I 
NDG S No, 171 
F. H. Rhodes 
H arol d Mu rphy + 1 
NWNE 18-163-65 
Tow ner Co ., ND 
I j 
\ ) - -1 . 
! 
·---
NDGS No. 4562 
Chambers & Kennedy 
Earl Bassingthwaite + 1 
SESE 15- 163 - 64 
Cavalier Co., ND 
--- .~ -
I } \ . 
-i 
i 
NDGS No. 1694 
Johnson Oi l 
Earl Moore + 1 
NWNW 10-162-63 
Cavalier Co ., ND 
( 
NDGS No. 4560 
Chambers & Kennedy 
John Waltz et al. <I' 1 
NENE 6-161 - 60 
Cavalier Co ., ND 
NDGS No. 36 
Union Oi l Co . of Calif. -
Los Nietos 
Ellis + 1 
NWNE 12~ 161-eo 
Cavalier Co., ND 
CB 1 
Ca r ter Oil Company 
Symons 8-1 
S W cor. SWSE 26-161-59 
Cavalier Co. , ND 
_ __ _ 1 f l f 
r -- --- -- - - _( f- I 1 \ -
, 
r I j j -
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calcareous shale member 
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NDGS No. 2342 
Fred Trangott-Ginsi 
Goodman Estate +1 
NWSW 3 -160-57 
Cavalier Co ., ND 
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Plate 10: Cross Section E-D', Greenhorn-Pierre Interval, 
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